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The toheroa, Paphies ventricosa, is a species with a rich history of exploitation but in 
the last 30 odd years harvesting has been drastically curtailed in attempts to stabilise 
population numbers. Only two fishing seasons have occurred since 1981, both for one 
day only and both located at a single beach, Oreti Beach. During these open days 
each person who wished to try was allowed to collect five toheroa that measured over 
10cm in length. For both open days over 10,000 people turned out trying to get their 
quota, some carted off the beach suffering from hypothermia. The dedication and 
numbers turning up to open days suggest a still high regard for the protected shellfish. 
Aquaculture operations, whether for conservation or economic endeavours, have been 
suggested for the toheroa for these reasons. The suitability of the toheroa, Paphies 
ventricosa, for aquaculture is therefore examined, with specific investigations into the 
diet, sedimentological habitat, morphology and feeding ability conducted for toheroa 
from the Oreti Beach population. 
Diet was examined in two ways, by examination of gut contents and water sample 
counts. The gut content analysis was an abysmal failure with no species recognisable 
once the samples were returned to the laboratory and dissected and preserved. Water 
samples proved more successful with five species sharing dominance throughout the 
year. Two of the five species have been reported as dominant at other toheroa 
beaches, but cell counts observed were highly variable. No samples coincided with 
the renowned phytoplankton blooms common to toheroa beaches, so cell counts never 
reached levels reported in Rapson (1954) or Cassie and Cassie (1960). Organic 
concentration of the water was also tested and produced levels that were fairly 
consistent throughout the year with mean organic concentration for the year recorded 
as around 14mg r1. This level compares favourably with levels reported for other 
beaches, but the lower temperatures at the southern beach might inhibit feeding rates 
and growth to a degree not determined. 
Sedimentology data from Oreti Beach revealed that the southern beach has a 
significantly smaller mean grain size than the northern most beaches. Samples 
collected at Oreti contained on average around 30% of particles smaller than 
0.125mm compared to less than 2% for areas of Dargaville Beach that had good beds 
of toheroa. Sediment to a depth of at least 10cm was highly sorted, indicating why 
the toheroa is required to maintain the high burrowing ability reported by Kondo and 
Stace (1995). Sediment found within the toheroa beds and located higher up the 
beach profile were statistically similar to a depth of 5cm, below this the sediment 
located higher up the beach became significantly smaller. Within a sample stratum 
the mean sediment size and sorting remained statistically similar. 
Shell morphology was examined and the results from two methods of measuring 
length were examined, one used by Redfearn (1974) in examining the toheroa, the 
other suggested as a standard method for measuring shells between bivalve species by 
Stanley (1970). The two methods produced results that although different, were 
easily reconciled using a simple relationship. Length, height and width data were also 
used to reveal that the toheroa joins a select list of relatively thick shelled species that 
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inhabit hostile environments and have a high burrowing ability. Other relationships 
length has with other measurable quantities were also reported. 
Morphological measurements are also used to establish a method to distinguish 
between the toheroa and the southern tuatua, Paphies donacina. A score based 
system similar to that used by Richardson et al. (1982) is devised using ratios 
commonly used to describe shell shape. Only 4% of southern tuatua tested were 
misclassified using this system, and no toheroa. While establishing this test for 
species, it was noted that the score equation reported in Richardson et al. (1982) had 
an error in it. This equation, used to distinguish between the two species of tuatua, 
was length biased. Once specimens smaller than 5cm were tested it was highly likely 
they were misclassified as the northern tuatua, Paphies subtriangulata. 
Feeding experiments that used a specialised feeding chamber designed specifically to 
allow for intertidal simulation for infaunal animals were conducted. Results showed 
the toheroa to have a slow rate of clearance for the concentrations tested. The 
clearance rate was related to the size of the individual, with smaller individuals 
clearing less than larger ones. Clearance rate followed the general formula observed 
for bivalve filter feeders: CR= aDW 6 with the b value calculated to be around 1.07 
for all three dietary regimes tested. The a value differed significantly between dietary 
regimes indicating that toheroa regulate their clearance rate, clearing larger volumes 
in waters with a low phytoplankton concentration. High b values indirectly support 
Rapson's (1954) observation that toheroa have a high metabolic rate requiring 
significant amounts of oxygen. 
Ingestion rates displayed a significant difference between all dietary levels tested. 
Finding the relationship between the ingestion rate and phytoplankton cell 
concentration suggested that at levels below around 350,000 cells r1 toheroa would 
not actively feed. This was supported by significantly different levels of clearance for 
samples that were collected when cell concentration were only 100,000 cells r1• It 
thus appears that at low phytoplankton concentrations toheroa may pump water across 
giiis for respiratory purposes mainly, but will ingest what food comes its way at the 
same time. 
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1.1 Culture of Aquatic Organisms 
Aquaculture is the farming of aquatic organisms in waters owned or leased, usually 
involving some intervention to improve the output. The definition includes 
commercial farming and stock enhancement for conservation purposes. Aquaculture 
can be further classified as extensive, semi-intensive, and intensive. Intensive 
aquaculture is reliant on feed inputs to produce a maximum quantity in limited space 
(A vault, 1996). Whereas, extensive aquaculture has no feed or fertiliser added and in-
between the two, semi-intensive, uses small amounts of feed and or fertiliser (Pullin, 
1993). 
Individual aquaculture operations may only culture portions of an organism's life 
history, earning the name incomplete operations (A vault, 1996). An incomplete 
operation may involve the spawning of mature individuals to obtain eggs for 
enhancement purposes, or at the other extreme may harvest stock to grow further for 
increased quality and profits. Specialisation in an aquaculture industry occasionally 
occurs forming a chain of operations from egg production, through a nursery system, 
to the final production of mature individuals for the market and brood stock, Taiwan's 
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shrimp industry a prime example (Avault, 1996). Conversely, a complete operation 
follows an organism throughout its entire cycle incorporating all the components of a 
specialised industry within one operation (Avault, 1996). Upon contemplating the 
culture of a species, the investigation of the advantages and disadvantages of complete 
versus incomplete operations is essential. Various characteristics of a species may 
alter the perspective on which is the propitious option. 
1.1.1 Desirable characteristics 
Four main characteristics influence the choice on which species might be suitable for 
culture (Bardach et al., 1972; A vault, 1996): 
* Reproductive strategy and ability 
* Feeding habits 
* Adaptability to crowding 
* Productivity and marketability 
Farming requires a regular input of stock to supply continual production for the 
market. Terrestrial farming generally relies on the progeny of farmed organisms to 
provide a continuous supply for harvest. Unfortunately many aquatic organisms do 
not reproduce readily in captivity, thus, aquaculture farms often harvest seed from 
wild stock instead (Bardach et al., 1972). Reliance on nature for stock can make a 
farm susceptible to poor availability (Avault, 1996) forcing research into techniques 
to induce spawning (Bardach et al., 1972; Avault, 1996). In addition, controlled 
spawning enables the availability of stock throughout the year, when not available 
from the natural environment. 
Population survival depends on sufficient eggs continuing on to adulthood. The 
hardier the egg the more likely its survival. Generally, larger and less delicate larvae 
are produced from larger eggs (A vault, 1996). The metabolic cost of producing large 
eggs results in the production of fewer eggs. Animals that follow such a strategy 
usually try to protect their eggs. Alternatively, another strategy is to produce vast 
quantities of smaller eggs. Although each egg has a slimmer chance of survival, 
overall sufficient numbers usually reach adulthood. Enhancement of fisheries often 
focuses on improving the percent survival over these first few stages (A vault, 1996). 
Once eggs develop and start feeding, such huge numbers would devastate the local 
food supply in terrestrial environments. The aquatic environment, however, enables 
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the employment of broadcast spawning. Broadcast spawning is the ejaculation of 
gametes into the surrounding water column. Gametes then combine and develop over 
a greater range due to movement via water currents, relieving the pressure on food 
sources. 
The majority of marine organisms have at least two broad feeding strategies 
throughout their life cycle: The first from just after they hatch until they join the 
juvenile population, secondly from then on until they perish (Avault, 1996). Each 
period possibly has further categories that it can be divided into, particularly the first 
where the organism often passes through many phases of the life cycle. Each period 
of the life cycle may target different prey, employing differing techniques for their 
capture or harvesting (A vault, 1996). Complete operations require knowledge for the 
complete life cycle while an incomplete operation will only require knowledge of the 
life cycle periods that it plans to culture. 
Culture operations typically target one of two categories: organisms low on the food 
chain needing low cost feed, or organisms high on the food chain requiring high cost 
feed but returning a higher price for the product (Bardach et al., 1972). Intensive 
culture of organisms found low on the food chain may also join the latter category, 
especially if algal culture is required for feed. Herbivorous organisms have amongst 
the highest yields reported for marine animals, with shellfish topping the list (Bardach 
et al., 1972). The decision to culture an organism involves analysing costs of 
production and potential returns for financial viability. 
Methods employed to reduce the cost of production include higher stocking densities, 
polyculture (the culture of multiple organisms in one system), and finding alternate 
suitable cheap food (Bardach et al., 1972; A vault, 1996). Many species react poorly to 
overcrowding: decreased reproductive potential, lean growth, increased disease 
outbreaks, and ultimately death (Avault, 1996). Reducing and or preventing the 
effects is costly (Bardach et al., 1972; A vault, 1996) requiring the determination of an 
organism's ability to cope with, and its reactions to, varying degrees of crowding prior 
to culture. Once normal carrying capacity and the costs of enhancement have been 
determined, calculation of optimal stocking densities enables the farmer to maximise 
production and/or profit. 
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Upon determination of optimal stocking densities the productivity of an operation can 
be estimated from a direct relation with the habitat size provided. The marketability 
of an organism has a profound effect on the amount of the total production, hence the 
total habitat required. A market history for a species provides a base point for the 
culture operation, allowing the formulation of substantiated predictions on market 
reactions. Many culture operations market their product as high quality, 
differentiating it from wild caught product in an attempt to establish a market niche. 
Aquaculture, can also enable the provision of the product 'out of season' giving the 
entrepreneur another market niche (e.g. salmon) (Avault, 1996). Other operations 
flood the market with their product, solely attempting to gather a slice of it. 
Table 1.1 Approaches used to decide upon culture techniques produced from Avault (1996). 
Market-oriented Market identifies species with considerable demand and/or a shortfall of 
supply. Considered the best approach for species choice, however, biological 
knowledge is essential for success. 
Production-oriented Species are cultured without analysing the potential market beforehand. Often 
successful but can be disastrous if no market exists or can be developed. 
Environmentally Suitable sites for aquaculture are located , then species in the area or imported 
oriented ones suiting the conditions are cultured. Again, the lack of market research 
can result in considerable financial repercussions. 
Species-oriented Often a particular species is targeted for various reasons, e.g. for conservation. 
Once more ignorance of the market and/or the biology can cause failure in the 
operation. 
The decision of which species to culture can generally be found to fall into one, or a 
combination of, four approaches (Table 1.1 ). Examples of success from all four 
approaches are available (Avault, 1996), however, the market-oriented approach is 
deemed favourable over the others. Culture for conservation falls under the species-
oriented approach, occurring in the least favourable approach for financial gain. 
Nevertheless, if a culturist wishes to culture a particular species, they should first 
check for a market, and if possible find a niche to exploit. Sufficient biological 
information· is then required for the formulation of a successful production technique, 
in conjunction with a suitable culture site. Progression through these steps would thus 
increase the likelihood of success. 
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1.2 Objectives 
The primary objective of this thesis is to inspect the suitability of the toheroa, Paphies 
ventricosa (Gray), as a potential culture species. Questing for the conclusion to the 
objective raises further points that need to be researched before the success or failure 
can be predicted. Unfortunately, a complete inspection of subsequent points goes 
beyond the scope for this study. 
1.3 Thesis structure 
The thesis will be divided into four further chapters in an attempt to answer the 
primary objective. Chapter Two will examine literature pertinent to the toheroa, 
examining information gathered about it with a view to deciding whether toheroa 
might be a suitable culture species. In reaching this aim, further questions will be 
raised that require attention before culture should be attempted. The conclusion to the 
chapter will present the research that was undertaken to answer some questions 
pertaining to possible future aquaculture of the toheroa. 
A brief review of the literature surrounding experiments seeking answers to similar 
questions is provided in Chapter Three. The review leads onto the presentation of the 
methods this study used to answer the questions posed. Justification for each of the 
techniques used are given based on previous studies or on pilot studies conducted. 
Results achieved by the various methods are then presented in the fourth chapter, with 
the discussion and conclusions reached presented in Chapter Five. 
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2.1 Introduction 
Chapter One has previously defined the term aquaculture as the culture, both 
intensively and extensively, of aquatic organisms whether for commercial, 
conservational or other applications. New Zealand's toheroa (Pap hies ventricosa) has 
been remarked upon previously as a suitable candidate for culture (Hayden, 1988), 
however; the author did not present background data to support the recommendation. 
The purpose of this chapter is to examine the literature available about the toheroa 
with the aim to deciding whether it has the desirable characteristics of a culture 
species (refer Section 1.1.1 ). Section 2.2 briefly introduces the toheroa and reviews 
the classification of the toheroa and its closest relatives in the sub-genus. Anticipating 
a possible commercial venture, the biology of the toheroa is reviewed (Section 2.3). 
An intimate knowledge of the biology is essential to a farmer, enabling him to alter 
certain conditions to optimal levels, leaving nature to handle the rest. 
The essential aspects of the biology, the organisms reproductive strategy and ability, 
and its life cycle have been separated into sections 2.3.1 and 2.3.2 respectively. Many 
farms, especially intensive ventures, aim to "improve" on nature by providing 
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conditions as close to optimal for the entire life cycle; knowledge of a species habitat 
is thus desirable. The present understanding of the toheroa's habitat is provided by 
examining the geographical range (Section 2.4.1) and the spatial distribution, i.e. 
where within a beach, (Section 2.4.2). Extensive approaches to farming often attempt 
solely to improve the survival rate by decreasing competition and predation (A vault, 
1996). Thus, the following section (Section 2.5) covers the predation of toheroa from 
organisms other than humans. The penultimate section of this chapter (Section 2.6) 
examines the marketability of toheroa, and the possibility of any market niches. 
Finally, Section 2.7 provides the aims of the thesis. 
2.2 The Toheroa and its classification 
Of the Paphies species found in New Zealand the toheroa is the largest. The exact 
limit to its size seems to be unclear. Common view is that they attain a length of 
approximately 15cm (6 inches). Toheroa are capable of fast growth, attaining sizes 
of 8 .9cm (3 Yz inches) in two years, then slowing to a much reduced rate, and living to 
25 years of age (Rapson, 1954; Greenway, 1972; Redfearn, 1974; Stace, 1991). 
The Maori name toheroa is used for Paphies (Paphies) ventricosa (Gray, 1843), a 
clam belonging to the Mesodesmatidae family. Since their initial scientific 
classification in the 1840's, confusion over the classification for species in the same 
sub-genus has occurred. For a review of the classification changes pertinent to the 
Paphies sub-genus consult Beu (1971a,b), Beu and De Rooji-Schuling (1982), and 
Dawson (1959). The toheroa has been classified under three generic names: 
Mesodesrna, Arnphidesrna, and lastly Paphies (Iredale, 1915; Findlay, 1927; Dawson, 
1959; Beu, 1971a; Beu, 1971b; Beu and De Rooji-Schuiling, 1982). Mesodesrna is 
currently a sub-genus identifier for other Paphies species from America, although 
species falling into this category are commonly referred to as just Mesodesrna spp. 
(Beu and De Rooji-Schuiling, 1982) (Figure 2.1). 
Distinguishing features of species belonging to the Mesodesrna sub-genus are their 
transversely ridged lateral teeth, while Paphies are large and have smooth or weakly 
pustolose lateral teeth. The other sub-genera are characterised by their near vertical 
resilifers (Atactodea), or being small with oblique, protruding resilifiers 
(Amesodesrna) (Beu and De Rooji-Schuiling, 1982). Within the Paphies sub-genus 
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the species are predominately distinguished by various shell characteristics (Cassie, 
1955; Beu and De Rooji-Schuiling, 1982; Booth, 1983). 
Genus ·Sub-genus Species 
australis (N9w Zealand) 
donacina (N9w Zealand) 
Paphies 
subtriangulata (N9w Zealand) 
ventricosa (N9w Zealand) 
-E 
altenai (Indonesia) 
Amesodesma angula (Alilippine Islands) 
e/ongata (south-eastern Australia) 
Paphies ---4 
tvlesodesma American species only 
-E 
cuneata (south-eastern Australia) 
Atactodea erycinaea (south-eastern Australia) 
striata (Jndo-West Pacific) 
Regterenia africana (South Africa) 
Figure 2.1 Classification of current species in Paphies genus, as per Beu and De Rooji-Schuiling (1982). 
Toheroa's three closest relative species are the pipi (Paphies australis), northern 
tuatua (P. subtriangulata), and the southern tuatua (P. donacina), the latter two often 
referred to solely as tuatua (Beu and De Rooji-Schuiling, 1982). Distinguishing 
between the closely related species can be a difficult task, especially when they 
inhabit similar environments. Not surprisingly then, literature is available to aid in the 
categorisation of a sub-genus which has such a confusing history (Beu and De Rooji-
Schuiling, 1982). The pipi is the easiest of the four species to separate from the 
others, with its hinge ruining its near elliptical shape it is significantly different from 
the other three species. The two tuatua species and the toheroa are wedge shaped, 
resembling species from the Donax genus. This shape is characteristic of fast 
burrowing species found in soft substrata (Stanley, 1970). Comparison of the two 
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tuatua species side by side reveals distinguishing differences that could otherwise go 
unnoticed (Richardson et al., 1982). 
A survey was conducted of various tuatua from the Kapiti region, with the aim of 
clearing up the uncertainty surrounding whether these two species should be classified 
as separate species or sub-species instead (Richardson et al., 1982). Examination of 
various aspects of their biology resulted in convincing indicators that the classification 
as separate species was correct. Perhaps the most convincing evidence was the 
esterase gel electrophoresis that clearly demonstrated different banding patterns for 
the two species. Further supporting evidence included pallial sinus and line 
differences, shell coloration and the relationship between the various external shell 
dimensions (Richardson et al., 1982). The latter two methods are possibly the two 
most useful, being both quick and non-lethal indicators. The northern tuatua has a 
grey shell and results in a positive score (Equation 2.1 ), while the southern tuatua is 
cream and gives a negative score (Richardson et al., 1982). The final species in the 
sub-genus (the toheroa) bears a close resemblance to both the tuatua species (refer 
Section 2.4). 
H W 
Score= 4.68 - 0.906L -12.4- + 26.2-
L L 
Equation 2.1: Morphometric classification of tuatua shells as Paphies subtriangulata or P. donacina 
from Richardson et al, 1982. L represents the length of the shell, W the width and H the height. 
2.3 Biology 
Toheroa have a wedge shaped shell, similar to the Donax genus, with the posterior 
edge flattened (Hoby, 1933; Stanley, 1970; Redfearn, 1974). The posterior end of the 
shell is significantly shorter than the anterior, but deeper in cross-section. Maximal 
height occurs slightly anterior to the hinge, tapering gradually anteriorly. Each valve 
is essentially a mirror image, main differences being the reverse hinge teeth 
arrangement (Hoby, 1933), or growth abnormalities (Figure 2.2a). Two gapes are 
noticeable when the valves are closed. The most noticeable is at the posterior end, 
where the siphons project in and out, the other, at the anterior end, enables the 
protrusion of the foot (Hoby, 1933). As the animals age the latter gape becomes less 
obvious, with the mantle edge filling the space, while the former gape becomes more 
prominent. 
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Figure 2.2 Shows various characteristics of toheroa shells. a) Depicts a specimen that has grown in a 
very dense patch and has been deformed. The arrow on this picture points out a noticeable pedal 
gape. b) Shows the general shape and coloration of a shell freshly dug from the sand. c) shows the 
internal surface of an individual that has formed blisters- or a pearl-like coating over multiple sand 
grains that got between the shell and mantle. Both arrows on this picture point to blisters, the shell 
surrounding the blisters has a much more pearly colour to it from the recent shell layers formed. 
Concentric rings mark the exterior of the shell, often forming ridges ventrally, 
especially towards the pedal and siphonal gape. The rings have been used previously 
to age individuals, obtaining growth rates up to five centimetres in a year (Rapson, 
1952; Cassie, 1955). A blue-black coloration often obstructs these rings, particularly 
on the anterior portion of the shell (Figure 2.2b ). The absence of the colour from 
young individuals, in conjunction with the anterior first orientation, suggests that 
anaerobic degradation of algae stains the shell (Rapson, 1954). Toheroa buried in 
sand and subjected to artificial anaerobic conditions were quickly stained, while 
stained individuals housed in highly aerobic conditions lost their coloration quickly 
(Pers. Obs.). However, upon close examination the stain occurred more readily 
around the rougher portions of the shell where the epidermis lies. The epidermis, 
described by Hoby (1933, p. 15), is "thin, horn-coloured and pellucid". However, it is 
darkly pigmented towards the margin where it merges the exterior and interior of the 
shell. 
Internally the shells are a white porcelain colour, dull near the hinge and progressively 
glossier outwards. Located ventrally to the hinge, the pallial sinus leads onto the 
pallial line, which becomes thicker and more noticeable towards the anterior adductor 
muscle scar. The pallial line marks where the mantle attaches to the valve, the size 
and shape being useful in determining the species. Other prominent marks visible on 
the internal shell surface are the posterior abductor scar, the ligament scar, and any 
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blisters (a silver-grey bulge) that may have formed. Few cases were observed, and 
then only from animals that had been disturbed, then retrieved a week or later for 
dissection (Pers. Obs.). Blisters observed were formed over foreign bodies situated 
between the mantle and shell situated predominately in the pallial sinus (Figure 2.2c ). 
Of the New Zealand Paphies species the toheroa has the deepest pallial sinus (Beu 
and De Rooji-Schuiling, 1982), signifying larger and more muscular siphons. 
Protruding approximately the length of the shell, siphons link the shell to the sediment 
surface. Juvenile toheroa have longer siphons relative to their size, permitting them to 
burrow relatively deeper, reducing dislocation by the surf. While the tide is flowing 
over a toheroa bed, numerous siphons can be seen level with the sand (Figure 2.3a). 
An adjustable matrix of papillae covers the tip of the inhalant siphon inhibiting the 
ingestion oflarge suspended particles (Hoby, 1933). Similar papillae are found on the 
siphons of Donax denticulatus (Wade, 1969). During periods of turbulent wave 
action the papillae interlace tightly, slackening slightly as the waves dissipate (Hoby, 
1933). Matrix complexity increases as the animal ages with further branching of and 
addition of papillae (Hoby, 1933). At low tide, the toheroa retract their siphons 
leaving twin pockmarks in the sand commonly used by shellfish enthusiasts for 
discovering toheroa beds (Figure 2.3b ). 
Upon collection, slicing the posterior abductor muscle through the siphonal gape 
permits the opening of the shell. Separating the valves exposes the mantle, a pair of 
thin sheaths covering the toheroa's internal mass. Fusion of the mantle lobes occurs 
along their entire length, excluding three apertures which enable the protrusion of the 
foot, exhalent and inhalant siphons (Hoby, 1933). The inhalant siphon provides a 
constant flow of water into the infra-brachial chamber when the tide covers the bed, 
providing oxygen and algae to the gills and labial palps (Hoby, 1933). Once 
harvested of its algae and oxygen the water passes into the supra-brachial chamber 
awaiting excretion, along with ai1y other material, by the exhala.i.11t siphon. 
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Figure 2.3 Common views of the beach, a) with the tide just washing over the beds, multiple siphons 
come up, some just level with the sand, some minutely raised. b) where the tide has lowered leaving 
the bed exposed, pockmarks are often not as visible as this, sometimes not visible at all, others with 
only small indentations. 
Food captured by the labial palps is directed to the mouth to commence the digestive 
process. The oesophagus leads into the anterior portion of the stomach, relying on 
ciliated particulate transport (Hoby, 1933). Cuticle lines a significant portion of the 
stomach, forming a shield at the anterior dorsal end for the crystalline style to work 
against. Surrounding the greater portion of the stomach, the dark green hepatic gland 
aids digestion through three to four anterior ducts (Hoby, 1933). Long cilia within the 
ducts and stomach propel food around and eventually through folds of the stomach 
wall, resemblant of valves, into the ventrally located intestine. Winding a course 
through the visceral mass and pericardial cavity the intestine terminates at the anus 
(Hoby, 1933), depositing waste into the supra-brachial cavity for excretion. Another 
source of material to be expelled though the exhalant siphon is the gonad, located 
surrounding the viscera and enclosed within the posterior portion of the foot. 
The toheroa has a massive, highly muscular foot, which it uses for burrowing and 
anchorage. Fully inflated, the foot is approximately the same length and width as the 
shell terminating anteriorly with a keel-like point (Hoby, 1933). The anterior portion 
of the foot undulates, liquefying the sand, enabling the foot to be thmst down and 
inflated for anchorage (Hoby, 1933; Stace, 1991). The valves then clamp shut and are 
pulled downwards by retracting the foot requiring venting of water from the siphons 
and the dorsal portion of the pedal gape (Stace, 1991; Pers. Obs). After numerous 
repetitions of the sequence, burial is achieved. 
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Maintaining burial in environments as harsh as the toheroa lives in (Refer Section 
2.4), requires one of two strategies: burial at great depths, thus becoming essentially 
immobile; or maintaining mobility, by rapid burrowing ability (Stanley, 1970). The 
toheroa has compromised between these two strategies; burrowing to medium depths 
to escape the worst of the surf action while maintaining an active burrowing ability 
(Kondo and Stace, 1995). 
2.3.1 Reproduction 
Hoby (1933) noticed that a proportion of two year olds and all three year olds had 
active gonads, later supported by Rapson (1952) who showed that all individuals over 
76mm (3 inches) had active gonads. The development of a mature gonad therefore 
apparently depends more on size rather than age. Within any given population's size 
or age group, the proportions and percentage of each sex are equipollent (Hoby, 1933; 
Rapson, 1952). Distinguishing the sex of toheroa can only be reliably achieved by 
scrutinising the gametes spawned by an individual, or examination of an individual's 
gonad. The former method relies on the animals being dioecious while the latter can 
be observed most reliably from microscopic sections. Inspection of the Mollusca 
phylum reveals that the majority of the classes, particularly marine species, are 
gonochoristic (Barnes et al., 1988). Hoby (1933, p. 64) reports that "occasionally an 
hermaphrodite individual is found'', although by general opinion the toheroa is 
considered a dioecious species (Redfearn, 1974; Mandeno, 1999). The gonad 
appearance differs not just between sexes but alters with the individual's condition. 
Gonad condition changes throughout the year, progressing from early active through 
late active and ripe to partially spawned-spent (Redfearn, 1974; Mandeno, 1999). 
During any given month a portion of the population may be ripe, with higher 
proportions expected during August - February (Redfearn, 1974; Mandeno, 1999). 
Only microscopic examination will distinguish which phase the gonad is in, but 
various indices are used to estimate the condition of an individual or population 
(Refer Section 4.2.1 ). Analysing condition indices for toheroa indicates that 
spawning occurs in distinct events rather than continuously throughout a period 
(Redfearn, 1974; Mandeno, 1999). 
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The timing of spawning events may occur in varying months between years, with two 
or three events typically occurring each year (Redfearn, 1974; Mandeno, 1999). 
Between events, the gonad recovers proceeding through the four phases (above) in 
readiness for the next event. The gonad generally only becomes fully spent after the 
last spawning of the spring / summer period (Redfearn, 1974). Quicker recovery 
during the warmer, spawning months (Redfearn, 1974; Mandeno, 1999) suggests that 
the recovery time is directly related to the amount of gonad to be replenished, or the 
difference between the current fecundity and the potential fecundity. 
It is important to recognise the fecundity of a species, as it gives an indication of a 
population's ability to repopulate an area. However, fecundity estimation is a difficult 
task, with two techniques used for the toheroa: manual stripping of gametes, and 
induction of spawning. Dawson (1954) stripped ova from ripe tuatua and toheroa and 
using volume analysis reached numbers of 80 - 90 million. Unfortunately, this 
method assumes only one spawning period. Further fecundity estimates by Redfearn 
(1982) and Mandeno (1999), using the induction technique gained estimates of 15 -
22 million and 17 - 18 million respectively. Even accounting for two or three 
spawning events a year, these estimates vary greatly from Dawson's (1954). None of 
the previous authors gave a fecundity/size relationship; hence, using these numbers 
for population fecundity estimates may be under- or over-estimated. The size of an 
individual often has enormous implications to its fecundity, with larger animals 
producing greater numbers of ova (Redfearn, 1974), possibly rectifying the 
differences between studies. 
2.3.2 Life history 
Life begins for toheroa with the ejaculation of sperm and ova into the surrounding 
water. Roby (1933) and Redfearn (1974,1982) discuss the life history for toheroa, 
which will be summarised below. The ova are approximately 60- 66 µmin diameter 
shortly after leaving the gonad, with a thick transparent outer membrane (Redfearn, 
1982). After a brief period when the sperm and ova have mixed fertilisation will be 
visible (about half an hour in lab conditions) (Roby, 1933). Ejection of the vitelline 
membrane and the appearance of polar bodies not long afterwards verifies the 
fertilisation (Roby, 1933). Two to three hours later first and second stage cleavage 
occurs, with further divisions occurring in quick succession adhering to the spiral 
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cleavage pattern (Roby, 1933). Numerous invertebrate phyla predominantly divide 
under the spiral cleavage model, namely: Mollusca, Nemertea, Annelida, Sipuncula, 
Echiura and perhaps Pogonophora (Carlow 1981; Barnes et al., 1988). 
The straight-hinge veliger appears 19 - 48 hours after fertilisation, presumably with 
the initial condition of the ova being a prime determinant to the time (Roby, 1933; 
Redfearn, 1974; Redfearn, 1982). The length at which the straight-hinge veliger stage 
commences is about 70 µm and initially grows at about 5.5 µm per day (Roby, 1933; 
Redfearn, 1974; Redfearn, 1982). This growth rate may be an underestimation due to 
poor diet under the lab conditions (Redfearn, 1982). The umbo starts to develop at a 
size from 109 - 149 µm and continues growing, in lab conditions, at rates up to 11.4 
µm, to maximal sizes of 320 µm (Redfearn, 1982). However, from lengths of250 µm 
a foot appears and pediveliger forms at sizes of about 270 µm (Redfearn, 1982). The 
pediveliger larvae will continue up to lengths of 380 µm, with settled larvae without a 
velum occurring from 290 µm (Redfearn, 1982). All surviving larvae settled within 
22 days of the beginning of the experiment. The length of the settled forms in 
Redfearn's (1982) experiment differed from the smallest collected in nature by 
Redfearn (1974). Naturally, this could be due solely to the difficulty of finding such 
minute individuals amongst fine sand on exposed coasts. 
2.4 The distribution and habitat of the toheroa 
2.4.1 Geographical distribution 
Historically, the recognised home of toheroa is the north-west coast of the North 
Island, New Zealand (Cassie, 1955; Redfearn, 1974). However, recently the main 
toheroa beach has been situated on the southern coast of the South Island (Carbines, 
1997). This gives the toheroa a wide latitudinal distribution, ranging from 34.5°S to 
46.5°S (Rapson, 1952; Redfearn, 1974). Although this may suggest a large habitat 
area, only a few beaches in this range appear suitable (Figure 2.4) (Cassie, 1955; 
Redfearn, 1974). Toheroa beaches are exposed, eternally pounded by the heavy surf, 
yet are still composed of sandy sediments, rather than the rocky substrata that 
comprises much of the exposed coast around New Zealand (Morton and Miller, 
1973). 
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Figure 2.4 The beaches readily agreed to support toheroa populations, produced from Redfearn 
(1974) 
Of the 23 beaches reported to have had a toheroa population, 14 are situated on the 
west coast, and only four are found on the South Island. The westerly aspect 
associated with the majority of these beaches appears affiliated with strong onshore 
wind conditions producing surf zones, which also seems the case with the two 
southern-most locations (Morton and Miller, 1973). Surf systems are shown to act as 
nutrient traps, cultivating phytoplankton growth to elevated levels (Rapson, 1954; 
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Stanley, 1970). Toheroa beaches have also been associated with possible up-welling 
systems (Cassie and Cassie, 1960; Bradford et al., 1991). Up-welling systems bring 
nutrient rich water to the surface, increasing phytoplankton growth. Unsurprisingly 
then, phytoplankton blooms commonly occur at beaches colonised by toheroa 
(Rapson, 1954; Cassie, 1955), moreover, population numbers appear to deteriorate 
during periods when blooms are absent (Cassie, 1955). 
2.4.2 Spatial distribution 
Toheroa are considered inter-tidal animals (Rapson, 1952; Cassie, 1955; Redfearn, 
1974), although sub-littoral populations have been hypothesised in the past, initially 
by Cassie (1951). Cassie rationalised his hypothesis by examining the population 
structure over time and noting abrupt decreases in the mature population failed to 
hinder subsequent recruitment. Furthermore, an age frequency survey conducted 
provided a distribution that did not follow the exponential survival curve expected for 
a natural population (Cassie, 1951). Waugh and Greenway (1967) provided further 
support for this hypothesis when they discovered shells bearing holes bored by 
gastropods completely absent from the littoral zone. However, subsequent surveys 
have failed to unearth any sub-littoral populations (Greenway, 1969; Redfearn, 1974), 
leading researchers largely to abandon the hypothesis. 
Exactly which part of the inter-tidal zone the toheroa inhabits seems related to the 
latitude of the beach. Northern populations occur approximately at the mid tide level 
(Rapson, 1952; Cassie, 1955), while the south island populations occur nearer the low 
tide mark (Cassie, 1955; Street, 1971). Latitude,per se, is an improbable direct cause 
for the downward shift; rather, other factors that are associated with latitude 
interacting with the organism's physiology require the organism to live lower on the 
shore. The seawater temperature that toheroa inhabit throughout the country ranges 
from 8-22°C (the total range for the beaches combined), however Dargaville's low for 
a year is around 14°C. The colder temperatures further south, for example, could 
require an increased immersion period to provide sufficient energy, hence a location 
lower on the beach. 
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The distribution of the toheroa along the beach is not continuous, often with dense 
beds found adjacent to areas with zero to few toheroa (Meystayer, 1921; Rapson, 
1952, 1954; Cassie, 1955). Various authors have speculated at reasons for the 
formation of the dense beds with little success (Greenway, 1969; Redfearn, 1974). 
One suggestion was that they located themselves close to areas where :freshwater 
runoff occurred. Freshwater has been noted to flow onto the beaches about the mid-
tide level (Figure 2.5) and has been thought to be an important requirement to the 
survival to juvenile toheroa (M. Eagle, Pers Comm.). It has also been suggested that 
the structure of the beds down the shore reflect an age class separation, with the 
youngest individuals located higher on the shore (Redfearn, 1974). The dynamics 
resulting in the age separation can more easily be explained. Older and hence larger 
toheroa tend to be found buried deeper than younger individuals. As previously 
noted, the deeper that an animal burrows reduces the influence that a harsh 
environment has on it (Refer Section 2.3). Larger individuals are consequently able to 
survive the increased wave action that occurs lower on the shore with less disruption. 
Increased wave action however is not the only explanation that can justify the age 
separation; escape from sources of predation might be another reason. 
2.5 Predation and mortality of the toheroa 
No matter the farm type (extensive, semi-intensive, or intensive; Refer Section 1.1), 
any reduction in the mortality of cultured organisms is beneficial. Predation by other 
organisms is one of the principle causes of death for species. If the predator-prey 
interactions are well understood this component of the mortality can be reduced at 
various stages throughout the life history. The known predators of the toheroa include 
snapper, Chrysophrys auratus, the red-billed gull, Larus novaehollandiae, the black-
backed gull, Larus dominicanus, oystercatchers, Haematopus spp, and the paddle 
crab, Ovalipes catharus (Mestayer, 1921; Rapson, 1952; Street, 1971; Haddon and 
Wear, 1987). Other species thought to predate on the toheroa are the rough skate, 
Raja australis, the short-tail stingray, Dasyatis brevicaudatus, and the gastropod 
Phalium (Xenophalium) pyrum pyrum (Waugh and Greenway, 1967; Redfearn, 1974). 
All these predators thus far mentioned have been for toheroa that have settled, 
therefore it would be reasonable to expect additions to this list of predators for the 
pre-settled toheroa. 
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Figure 2.5 Oreti Beach showing freshwater runoff shortly after a storm. The reason the freshwater is 
required by the juveniles is not currently known (M. Eagle, Pers Comm.) 
The extent that these predators affect the toheroa is largely unknown, with various 
authors disagreeing about the levels of predation. Two good examples include the 
black backed gull and the paddle crab. The black backed gull was known to attack the 
toheroa, but was initially thought to only kill the very young before they were capable 
of burrowing to depths to escape their attention (Rapson, 1954; Redfearn, 1974). 
Studies have shown that the black backed gull has learnt to dig for toheroa and can 
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break specimens up to 130mm in length open and collect an estimated 1.5 million 
toheroa during the year (Waugh and Greenway, 1969; Brunton, 1978). 
The paddle crab however has less success capturing specimens that have burrowed 
more than 100mm into the sand, but is a voracious predator of the smaller individuals 
(Haddon and Wear, 1987; Wear and Haddon, 1987; Haddon, 1988). Beds of high 
density have also shown to be of some protection for the toheroa from the paddle crab 
(Wear and Haddon, 1987). The appetite of the paddle crab, able to consume up to 200 
spat every 6 hours in the summer, has been postulated as a possible reason for the 
failure of toheroa beds to repopulate to previous high levels (Haddon, 1988). 
Although, paddle crabs do not explain the entire problem preventing the toheroa's 
return, toheroa population structure still suggests high levels of predation for sizes 
larger than paddle crabs can easily handle (Haddon, 1988). 
Snapper will dig for toheroa in the surf, swimming vertically downwards hoping to 
achieve the whole animal. They are not always so fortunate, and often only succeed 
in biting of one or both of the siphons (Rapson, 1954). Rapson (1954) also reports 
that the occurrence of washed up siphons has occurred on such a large scale as to be 
considered a cause of epidemic mortality. Recently though virus-like particles have 
been discovered to attack the toheroa, and have been associated with mortalities in the 
wild stock (Hine and Wesney, 1997). Under unfavourable living conditions, siphon 
damage has occurred with no predator presence, the siphon rotting at its base and later 
falling off (Pers obs.). 
Mass mortalities occasionally strike the toheroa populations, with thousands, even 
millions dying in within a few days (Rapson, 1954; Cassie, 1955; Eggleston and 
Hickman, 1972; Redfearn, 1974; Evening Post staff reporter, 1999). During some of 
these occurrences, other molluscs have been affected, namely during 1938 and 1970 
strandings when unusually harsh wind conditions were implicated (Cassie, 1955; 
Eggleston and Hickman, 1971). Other occurrences have affected solely the toheroa, 
with prolonged harsh temperatures combined with unusual wind flows generally been 
blamed (Rapson, 1954; Eggleston and Hickman, 1971; Redfearn, 1974; Evening Post 
staff reporter, 1999). Should the toheroa stocks regenerate to levels high enough to 
again support commercial harvesting, an aquaculture farm would have a niche market 
during such periods of mass mortality. 
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2.6 The market and niche adaptations for the toheroa 
Commercial exploitation of New Zealand clam species (including the cockle, Chione 
stutchburyi) is under developed with a mean annual harvest between 1988 and 1998 
of 1300 tonnes (Clement and Associates Limited, 1999). The bulk of the harvest 
made up of cockles, with the pipi (Paphies australis) and tuatua (Paphies 
subtriangulata or P. donacina) combining to form the majority of the remainder. 
Molluscan species form an important contribution to the world aquaculture industry 
comprising about 26% of the total production (Table 2.1). Within New Zealand clam 
culture does not currently contribute to the harvest; however, culture of other molluscs 
occurs successfully (e.g. green shell mussel, Perna canaliculus). Some recent success 
in culturing the Triangle Shell, Spisula aequilateralis, and Trough Shells, Mactra 
discors and Cyclomactra ovata, should see an emergence of clams from New Zealand 
to the international export market (Dominion Staff Reporter, 1998). 
Table 2.1 World aquaculture production during 1985 (tonnes), tabulated by area and species type, 
from ----·· .. -- --
Finfishes Crustaceans Molluscs Seaweeds Others Total 
Africa 60600 100 400 0 0 61100 
N. America 197800 33800 160800 200 0 392600 
S. America 28500 32900 1900 4900 0 68200 
Asia 3792600 198500 2120000 2767500 28200 8906800 
Europe 340800 300 495000 4500 0 840600 
Oceania 1200 100 20500 100 100 22000 
Soviet States 296000 0 0 0 0 296000 
Total 4717500 265700 2798600 2777200 28300 10587300 
Percent 44.6 2.5 26.4 26.2 0.3 
Absent from recent annual harvests, the toheroa once supported a commercial fishery; 
harvesting for commercial means commenced in 1904, upon the opening of a cannery 
on Dargaville Beach (Redfearn, 1974). Following the success ofthis cannery another 
one was under operation by 1911, but ceased operation by 1923 when a new cannery 
was opened on Ninety Mile Beach (Redfearn, 1974). Further canneries operated at 
Muriwai Beach, the Kapiti Coast beaches and Te Waewae Beach, but due to unstable 
population numbers, canning was intermittent (Redfearn, 1974). A national peak 
production occurred in 1940 with 77,000 kg of canned toheroa produced from the 
Northland beaches, with a similar harvest the following year (Figure 2.6). During 
succeeding years, production followed population declines and rises, resulting in 
sporadic closure and openings of canneries. The erratic production initiated the 
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surveys in 1962 for the Northland Beaches, with later surveys commencing for the 
other populations (Redfearn, 1974). Decommission of the annual surveys occurred 
when toheroa stocks were routinely insufficient to sustain harvesting, instead surveys 
are conducted every few years to monitor for the possibility of open days or seasons 
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Figure 2.6 Commercial production of canneries operating off the North Auckland beaches from 1930 
until 1970, reproduced from Redfearn (1974) 
Attempting to stabilise the population numbers in 1962, the Marine Department 
introduced quotas calculated from the population surveys (Redfearn, 1974). The 
following year another pre-season annual survey was established on Muriwai and 
Ninety Mile Beaches and introduced a year later for the Dargaville Beach population 
(Greenway, 1969; Greenway, 1972). Comparison between successive surveys 
enabled the estimation of the effect of open seasons and the recruitment between 
years. The result of the data analyses suggested that the open seasons themselves had 
little effect on the populations, with positive population growth occurring between the 
pre and post season survey at one beach (Greenway, 1969) (Fig. 2.7). Occasions 
where populations declined over the season, the commercial harvest was deemed 
insufficient to account for such decreases (Greenway, 1969). Closure of the all North 
Island beaches occurred in 1971, with only intermittent open days held on Oreti 
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Beach (Figure 2.4) and traditional Maori harvesting allowed since (Redfearn, 1974; 
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Figure 2.7 Results from the population surveys carried out on the Northland beaches from 1962 to 
1970 (both pre- and post-season surveys are included when conducted). Numbers represent the 
number of adult (greater than 7.5cm - the legal size for harvesting during those years) toheroa 
estimated to be present on the beach, produced from (Greenway, 1969; Greenway, 1972; Greenway, 
1974) 
Abundant turnouts at the last couple of open days, estimated to be over 11,000 in 
1990 and around 20,000 in 1993, for the chance to collect five toheroa suggests this 
animal is still highly sought after (Stace, 1991; Olsen, 1993). During the 1990 open 
day, the removal of five souls from the beach suffering from hypothermia due to the 
bitter conditions testifies to the high demand for toheroa (Stace, 1991). It is a rare 
shellfish indeed to establish such demand, even causing royal protocol to be broken 
when in 1921 the Prince of Wales (now better known as King Edward VIII) to indulge 
his appetite in requesting a second serving of the soup (Stace, 1991 ). With such a 
history of exploitation and the continued high demand on the subsequent open days, it 
is reasonable to suggest that a commercial enterprise culturing toheroa would find a 
favourable market. 
Future entrepreneurs that venture into the culture of toheroa would thus find 
themselves in the unusual position that any product they supply for the public will be 
considered a niche market. However, should the natural populations rejuvenate 
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enough to support recreational harvesting, the foundation of other niche markets 
would keep the entrepreneur in business. Providing toheroa throughout the year 
instead of being limited to the open season common to commercially important 
shellfish would be an important niche. Another niche that would only be available for 
the cultivator would be for "pipi toheroa", a term applied to juvenile toheroa under the 
legal size limit. Their tenderness more than makes up for the significantly smaller 
portion of flesh, a treat for enthusiasts that prefer nude (raw) toheroa (Rapson, 1952; 
Stace, 1991). 
2.7 Aims of this study 
Overlapping with another study examining the reproductive cycle and induction of 
spawning of the toheroa, the first objective of this study was to examine the diet of the 
toheroa over a year period. Comparing changes in phytoplankton levels with changes 
in the gametogenic cycle has alerted researchers to natural cues for imminent 
spawning in a variety of sea life, e.g. urchins, mussels (Starr et al., 1990). Using 
phytoplankton as a spawning cue has advantages over other cues in that "it appears to 
integrate numerous physical and biotic factors indicating favourable conditions for 
larval growth and survival" (Starr et al., 1990, page 1071, abstract). Furthermore a 
study of the phytoplankton biomass present enables suitable species for feed to be 
chosen for toheroa growth. 
Secondly, research on the sediment that the toheroa inhabits is conducted. A record 
of the characteristics from the southern beach, the only beach to have supported open 
days in the last 20 years (Carbines and Breen, 1999), might lead to answers as why 
this population seems more stable. A fuller understanding of the environment that 
toheroa inhabits helps cultivators to mimic natural conditions, improving their 
chances of success. 
The third objective is to examine various characteristics of their biology, in particular 
the shell dimensions and weights, and compare them with those from their northern 
counterparts (Rapson 1952; Redfearn, 1974). Knowledge of the relation between 
various shell dimensions and specimen weight is also useful in classifying between 
the species in the Paphies genus (Richardson et al., 1982). These data also add to the 
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general information available to the understanding of bivalve shell morphology and 
ecology (Stanley, 1970; Kondo and Stace, 1995) 
Finally, the last objective is to examine feeding rates oftoheroa. How the feeding rate 
changes as the toheroa grows is important, particularly when contemplating the 
culture of animals. Changes in feeding rates dictate when, and the extent of, increases 
in algae concentration that should occur. Without adjustment, the growth and 
development of toheroa would be impaired, possibly to such levels to make culture 
uneconomical. The sheer levels of phytoplankton needed could feasibly inhibit the 
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3.1 Introduction 
Chapter Two's review of the literature available on the toheroa provided topics for 
further research about the toheroa and its possible position in the New Zealand 
aquaculture industry. This chapter sets out to detail the methods this study used to 
explore the aims set out in Section 2. 7. Each aim is separated into its own section 
within this chapter. The study site chosen to examine these points was Oreti Beach, 
the population closest to the University of Otago, and is also historically the most 
stable population. All samples mentioned in this thesis were therefore collected from 
Oreti Beach near Invercargil, New Zealand (Figure 3.1) unless otherwise stated. 
3.2 Examination of the diet 
Two different methods were used to try to determine the diet of the toheroa. The first 
method was to examine the gut contents, the second to observe the phytoplankton 
found in the surrounding waters. Toheroa ingest anything that flows over the siphons 
(Cassie, 1955), only excluding large suspended particles by the presence of the 
papillae, then sort material in the alimentary canal for either digestion or 
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excretion/expulsion. Any difference between relative species concentration in the gut 
contents and water samples would thus be due to sub-ingestive selection, indicating 
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Figure 3.1 Location of Oreti Beach, from Mandeno (1999) 
Examination of the diet was conducted every two months, beginning in May 1997, 
and continuing until March 1998. The two monthly sampling was chosen for 
conservation means, and to meet budgetary constraints. Although phytoplankton 
levels change at short notice (Cassie and Cassie, 1960; Soumia, 1978), it was decided 
that a two monthly sampling would reveal the general swings in species domination 
that occur throughout the year. 
3.2.1 Gut contents 
3.2.1.1 Collection 
During the diet examination period, every two months 20 toheroa from each of two 
different size categories (5-10 cm and >10 cm) were collected, providing 40 toheroa 
in total each collection. Where collections coincided with the sampling regime of 
Mandeno (1999) the same specimens were used for both studies for conservation 
reasons, sampling trips coincided on four occasions. Each individual was located by 
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the presence of pock marks (refer Section 2.3 and Figure 2.3b) and then excavated by 
hand shortly after the receding tide had uncovered the beds. Toheroa were then 
transferred to plastic containers and covered with damp sand for the 2.5-hour drive to 
the University of Otago's Portobello Marine Laboratory located on Dunedin's 
peninsula. 
3.2.1.2 Dissection 
Upon arrival at the Portobello Marine Laboratory, the specimens were removed from 
the sand, washed and were measured (refer Section 3.4.2) to check they belonged to 
the correct size group. Afterwards the posterior abductor muscles were sliced through 
the siphonal gape, allowing the mantle and animal to be slowly removed from the 
shell, slicing the anterior abductor muscle to completely remove the flesh from the 
shell. The stomach was then located and removed (refer Section 2.3), removing part 
of the intestine at the same time to ensure the entire contents of the stomach were 
kept. Each stomach was stored in a separate specimen jar, labelled and preserved 
using 10% formalin. 
3.2.1.3 Examination 
Phytoplankton counting chambers were constructed using a glass slide and a piece of 
Perspex tubing (50mm length) sealed together using silicon gel. Contents washed 
from each stomach were placed into one or several chambers, depending on stomach 
content volume and examined using an inverted binocular compound microscope. 
3.2.2 Water Samples 
3.2.2.1 Collection 
Following collection of specimens for the gut analyses, water samples were collected 
for species concentration, and organic concentration (g/1) determination. Water 
samples were collected using a method suggested by Cassie Cooper (1996) rather than 
using more expensive fragile equipment in such a chaotic environment. This method 
involved using a bucket to collect a water sample, stirring the water in the bucket to 
ensure cells were evenly distributed and filling a sample bottle from the bucket. The 
installation of a tap into the bottom of the bucket facilitated transferral from the 
bucket to the sample bottle. 
Water samples were collected from sites over toheroa beds, with the same sites used 
for all sampling trips. This sampling regime was one discussed by Sournia (1978), 
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and was deemed to be suitable for the objectives set out in this study. Two pairs of 
100ml samples were collected using this method for the determination of species 
concentration, one from each pair of the samples was preserved using Lugol's 
solution (Sournia, 1978). A further 10 water samples were collected to measure the 
organic concentration level (g/1) of the water using the same collection method, all 
samples were preserved using Lugol's solution for later analysis. Once collected all 
samples were sealed and placed in cool, dark conditions to hinder any subsequent 
changes in cell numbers. 
3.2.2.2 Species concentration 
All samples collected for species concentration were delivered by courier to the 
Cawthron Institute in Nelson, New Zealand. Their staff then examined the samples, 
and species counts were conducted. The two samples without any preservative added 
were used to gain a count of the less robust species that are damaged by the 
preservative, and were corrected for post-collection cell division by comparing the 
diatom numbers present in both samples. 
Subsequent to the initiation of this study, the Cawthron Institute commenced a 
sampling program of phytoplankton off Riverton (Figure 3.1) as part of the toxic 
algae monitoring program they supervise for the New Zealand Government. The 
Cawthron Institute made available sample counts collected as part of their monitoring 
program from the begir1ning of June 1997 (when the Riverton samples started) until 
the end of March 1998 (when this study ceased it's diet research). The species list 
provided by the Cawthron Institute was not as complete, only detailing dominant 
species and any toxic species present. 
3.2.2.3 Organic concentration 
Samples collected for organic concentration were taken to Portobello Marine 
Laboratory and were processed there. Each sample was filtered using a vacuum 
system through pre-ashed, pre-weighed Whatman GF/C glass microfibre filters. The 
filters were then dried until a constant weight was achieved and the weight recorded. 
Due to the water samples containing inorganic matter combined with organic matter, 
the samples were then ashed at 450°C (Mook and Hoskin, 1982) for four hours and re-
weighed. The difference between the dried weight and ashed weight being the 
organic content of the sample. 
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3.3 Sedimentology of O reti Beach 
3.3.1 Collection 
Methodology 
Sediment samples were collected using a stratified random sample regime. This 
regime was chosen as it suited the conditions and manpower available, enabling the 
lower samples uncovered only for brief periods of time to be collected in the short 
space of time available. The samples higher on the beach were then collected at 
leisure. The lower stratum of the regime was of a height on the beach coincident with 
the toheroa beds, the higher stratum was positioned above where toheroa were 
commonly found to examine any differences that may exist. 
Samples were collected using a 10cm diameter sample core to a depth of 10cm. Core 
samples were unable to be taken deeper than this due to the liquefied nature of the 
sand and the available equipment. Each sample was carefully sliced into 2.5cm deep 
sections so that any change in sediment makeup with depth could be examined. Each 
sub-sample was stored in a sealed air-tight plastic bag labelled with sample number 
and depth and the stratum it was sampled from. All samples were then returned to 
Portobello Marine Laboratory for processing. 
3.3.2 Sieving 
Upon arriving at the laboratory, every bagged sample was divided in half using a 
sediment splitter to provide an archive sample and a sample for processing. The 
archived samples were placed in airtight, sealed plastic bags and were relabelled with 
sample number, depth, stratum level and that they belonged to the archive group. 
Each sub-sample for processing was treated with 5% Sodium Hypochlorite to remove 
the organic component present and then was carefully washed in fresh distilled water 
to remove any salt, leaving behind only the inorganic component of the sediment 
(Lewis and Mcconchie, 1994). 
Each sub-sample was dried until all moisture was removed and then were shaken 
through a series of sediment sieves ranging from 20 to 40, at half 0 intervals, with a 
pan below to catch any residual material. This sieve size grouping was decided upon 
due insignificant amounts being detected in a pilot study in the size class below 20, 
and the minute portion of the sediment found to belong to the 4.50 and above size 
category. The weight retained by each sieve was recorded for each sub-sample. 
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3.3.3 Analysis 
The distribution of weights for each sample was entered into a spreadsheet that 
calculated mean sediment size and sorting using the graphical method outlined in 
Lewis and Mcconchie (1994). The size ranges used in the analysis followed the 
Udden-Wentworth grade scale which has become the norm for sediment work (Lewis 
and Mcconchie, 1994). ANOV A and Post Hoc analyses were conducted, where 
appropriate, using the statistical package SPSS version 9.0. In all statistical tests, a a 
value of 0.05 was used to test for significance. 
3.4 Shell morphology 
Various bivalve studies have recorded measurements of shells (Rapson, 1952; Cassie, 
1955; Stanley, 1970; Redfearn, 1974; Richardson et al., 1982). However, before this 
study no author has stated how the length, width and height relate to each other for the 
toheroa, although Rapson (1952) does relate the length with weight but provides no 
measure of variability. Additionally, the method of measuring length between the 
previous toheroa studies has varied, one measuring greatest length parallel to the 
hinge the other measuring greatest length in any direction. It would thus be useful to 
have a standardised method to measure animals that also coincided with the accepted 
standardised norm for measuring bivalves (Stanley, 1970; Kondo and Stace, 1995). 
Classification between the Paphies genus has required either lethal examination of 
specimens or has asked for opinions to be made on the shape and size with no 
necessary measurements to be used (Redfearn, 1974; Richardson et al., 1982). A 
clearly defined method of measurement, combined with a relationship between 
measurements that can be expected would thus be a favourable tool. For this reason 
toheroa measurements were compared with measurements collected from a population 
of Paphies donacina found in the sublittoral at Kaikai Beach in 1997 (Miller, 1997) 
3.4.1 Collection 
Toheroa were collected using the same general method as described in Section 
3 .2.1.1, however they were not collected only just after the tide left the beds exposed. 
Collection continued until the tide was sweeping over the beds, obscuring any 
pockmarks that hitherto existed. Nevertheless, toheroa could still be discovered by 
the observation of siphons poking through the sediment (Refer Section 2.3 and Figure 
2.3a). A greater size range of toheroa was collected with young juveniles also 
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collected, however a noticeable gap was observed with few toheroa in the range 3-
6cm collected. The small juveniles were readily collected by picking them up as they 
were disrupted from their burial by the swash of incoming waves. Toheroa were 
collected by hand and packed in the same manner for transportation back to the 
Laboratory for measurement. 
3.4.2 Measurement 
Toheroa were kept for a few days in flowing sea water and fed a microalgal cocktail 
of species cultured from seawater obtained from Oreti Beach. The holding period was 
to enable toheroa to replace fluid from the mantle cavity that may or may not have 
been lost at collection (Rapson, 1952), which would distort the weight measurements. 
Individual toheroa were then removed and a series of measurements recorded. 
Replicate measurements were taken for each measure on each animal, the mean used 
for analysis. 
External shell measurements were made using a pair of vernier callipers. Length and 
height of the shells were measured by two techniques, one to coincide with the 
method used by Redfearn (1974) and one that followed the norm established by 
Stanley (1970) for general bivalve studies. Redfearn's (1974) technique was to 
measure length parallel with the hinge and height as maximal measurement 
perpendicular to length and perpendicular to the axis of the hinge (Figure 3.2a). 
Stanley's (1970) tech..'lique relates shell length to the antero-posterior axis, which is 
the line passing across the dorsal margins of the abductor muscle scars. The length is 
thus measured as the greatest measure parallel to this line, with height the greatest 
measure perpendicular to this (Figure 3.2b). Both Redfearn (1974) and Stanley 
(1970) use the same technique for measuring width, which is the greatest 
measurement taken perpendicular to the plane of the length-height measurements. An 
advantage of Redfearn's (1974) technique over Stanley's (1970) technique is that it is 
not lethal. 
Other characteristics that were measured for the toheroa were the volume, wet weight 
and dry weight. Both volume and wet weight measures were taken for the living 
animal (i.e. prior to killing it for Stanley's measurements), then again separately for 
the shell and flesh. Volumes were measured by water displacement to coincide with 
the technique used by Redfearn (1974); Stanley (1970) did not state a preference for 
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how volume was determined. Wet weight was taken after a gentle wiping of the 
material with an absorbent cloth to reduce the variability to some degree (Rapson, 
1952). After wet weights were determined all samples were carefully labelled and 
stored in a drying oven until constant dry weights were observed and recorded. 
Figure 3.2 Displays the difference between a) Redfearn's (1974) and b) Stanley's (1970) measurement 
techniques. Note that the location of the length and width lines are only approximations of where 
measured, actual placement of measurements varied slightly from individual to individual. 
3.5 Feeding ability 
3.5.1 Collection 
Specimens for this experiment were collected on two days in February of 1999 using 
the same method as described in Section 3.4.1. The specimens were then transported 
to Portobello Marine Laboratory to be measured and then entered into the experiment 
or to be used to obtain an approximate initial condition index. 
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3.5.2 Condition indices 
All aquaculturists want to improve the condition of the organism they are cultivating, 
whether they are getting the organism to grow in length, or for the condition of the 
flesh to improve. With bivalves, the ability to monitor the condition of a specimen is 
hampered by the presence of the shell and the presence of a variable amount of fluid 
in the mantle cavity. To get around the variability of the quantity of the fluid found 
within the shell various techniques have been used to calculate an index to express the 
relative condition of an individual (Crosby and Gale, 1990). Crosby and Gale (1990) 
suggested three techniques that gave the best results, with one particular method 
producing the least variance, being easy and fast to use and produces an index that 
clearly demonstrates differences of nutritive status and recent stress (Equation 3.1). 
The internal shell cavity capacity is calculated by subtracting the dry shell weight (g) 
from the total whole live weight (g) as described by Crosby and Gale (1990). 
C d
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Equation 3.1: Condition index as detailed by Crosby and Gale (1990) best used to demonstrate 
nutritive status and recent stress. DW stands for the dry soft tissue weight of the individual (g) and 
ISCC stands for the internal shell cavity capacity (g) 
3.5.3 Experiment design 
Feeding ability and rate for various bivalves have been researched with various 
methods used and suggested, Coughlan, 1969; Winter, 1973; Schulte, 1975; 
M0hlenberg and Riisgard, 1978; Winter, 1978; Ki0rboe and M0hlenberg, 1981; 
Williams, 1982; Cucci et al., 1985; Shumway et al., 1985; Malinowski and Siddall, 
1989; Iglesias et al., 1992; Hawkins et al., 1998; MacDonald et al., 1998 to mention 
but a small proportion of the experiments conducted over the past 30 odd years. 
Throughout all these experiments two main methods for feeding rate determination 
have been used: an indirect method and a direct method. The indirect method 
monitors the concentration of particles that enter and leave the feeding apparatus with 
any differences assumed to be that consumed by the bivalve (Coughlan, 1969). 
Alternatively the direct method, used most extensively with in- and ex-halent 
siphonate species, monitors the current that actually flows in and out of the individual 
(Coughlan, 1969). This study used the indirect approach due to the relative ease of 
the sampling compared to the direct approach. 
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The surprising lack of research published on species found in similar environments to 
the toheroa left the design of the experiment widely open. Examining the feeding rate 
of an infaunal, littoral species adds some complications that would otherwise not be 
the case for other epifaunal, sublittoral species. For instance, should the animal be 
housed in a container with sediment or not, should it be exposed to situations 
simulating tide exposure. Any changes to the habitat and periodicity of exposure can 
have drastic effects on bivalves, altering the rate of feeding (Buxton et al., 1981; 
Akberali and Trueman, 1985) so to reduce this stress a specialised apparatus set-up 
was devised. 
Feeding chambers were constructed using 10cm diameter plumbing pipes, the pipes 
cut into approximately 20cm lengths (Figure 3.3). One end of the pipe was sealed 
with a 50µm nylon mesh to allow water to slowly drain out but retaining the sediment. 
Inside the container washed sediment was placed surrounding the individual/s placed 
within the container to a depth of 15- l 6cm. Drilled into the side of each chamber 
were two holes, one situated slightly above the sediment surface was used for the in 
flowing current and one at the top of the chamber was used for the out flowing water. 
The out flowing aperture was situated around the container from the in flowing 
aperture, with a baffle attached to the inner surface of the chamber to reduce the effect 
of re-filtration on the results. The rate of the in current could be adjusted with valves 
screwed into the exterior of the chambers, enabling each chamber to be adjusted to 
have approximately the same flow rate. 
Attached to the valves and inserted into the out aperture were plastic hoses to ease the 
collection of samples. .The in current was pumped from a reservoir tank containing 
approximately 80 litres of water. The water draining out (including water draining 
through the 50µm mesh) of the containers being fed back into the reservoir so that a 
recirculating system was achieved. Attaching the pumps to digital timers that turned 
them off for two hours every 10.5 hours simulated artificial tides. This regime was 
estimated to approximate the tidal periods for the height of the beach where toheroa 
beds are located on Oreti Beach. When the pump ceased to pump, the water still in 
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Figure 3.3 Diagrammatic view of the feeding chamber designed to house toheroa for feeding rate 
determination. 
Each day emptying and cleaning of the reservoir maintained water quality so those 
toxins expelled by the specimens did not concentrate to lethal levels. Biodeposits not 
cleared from the chamber by the water flow were removed at time of cleaning, but 
were not analysed. The reservoir was refilled from the Laboratory's seawater supply 
topped up with a microalgal cocktail (refer Section 3.4.2). The process of cleaning 
the reservoir and restocking it was conducted during the simulated low tide period. 
To monitor the effect that a change in algae concentration had three concurrent 
experiments were run with differing concentrations of algae supplied to the reservoir 
tank. 
Each experiment consisted of 27 chambers each supplied by the same food reservoir. 
The chambers in an experiment contained either one adult toheroa over 7.5cm in 
length, or five individuals that ranged from about 1-3cm in length. The sizes were 
carefully checked before placement into the experiments so that each experiment had 
a similar range of individuals, and also so that each chamber containing multiple 
juveniles had a similar mean size. Within each experiment eight chambers contained 
multiple toheroa, eight contained toheroa over 7.5cm but smaller than 10cm in length, 
eight contained toheroa larger than 10cm and three containers had no individuals, but 
had sand filled to the same level as all other containers to act as controls. In all 
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containers the animals were inserted so that their inhalant siphon would face the 
current flowing into the container, their exhalant siphon pointing more towards the 
centre of the container. 
3.5.4 Determination of feeding rate 
The entire feeding experiment was conducted over a two-month period. Previous 
bivalve studies have shown that it takes anywhere from a few days to a couple of 
weeks to recover from the stress of being collected (M0hlenberg and Riisgard, 1978; 
Buxton et al., 1981; Bacon et al., 1998). The length of this period was chosen to 
enable the toheroa to recover from the stress of harvesting and then hopefully to grow 
or improve in condition. Through a pilot experiment using a similar design, it was 
observed that the toheroa were more active and feed for longer periods during the 
dark. Thus for this experiment the toheroa were subjected to a 24 hour night, to 
ensure that feeding was maximal throughout. 
At the end of the experiment, water samples were taken from the out aperture of all 
containers, from all three experiments. Concurrent to the collection and labelling of 
samples it was noted whether the individual was visibly feeding. The point of this 
exercise was that toheroa did not appear to feed constantly while immersed; rather 
they appeared to have their siphons extended and feeding for intervals. The inclusion 
of data where individuals were not feeding would have the result of suppressing 
feeding rates. Samples were collected three times, once five minutes after the water 
started to flow after an exposed period with fresh algae in the reservoir, again 30 
minutes later, and then a third time just before the pumps turned off to simulate the 
tides approximately 10 hours after the second sample. 
Each sample was diluted by a factor of around 10 and analysed using an Elzone 180xy 
particle counter fitted with a aperture of 60µm several times to gather a mean 
concentration of algae contained in the sample. All data from the Elzone 180xy were 
downloaded onto computer in unformatted text format. A macro in word was 
compiled to read each samples data and to adjust it to a format usable to excel for data 
manipulation and calculation to take place. The mean concentrations found in the 
samples obtained from control containers were used for the respective experiment's 
inflow concentrations. This was done because even with water flowing into the 
chambers, there would have been an amount of phytoplankton that did not leave the 
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chamber through settling. The amount of phytoplankton that exited through this way 
was assumed to be equal between chambers since all chambers had an identical height 
of sediment and water flows. The technique of using a control chamber to keep track 
of cell concentration for the in current has simplified the indirect method, while 
making it more robust in its calculations (Winter, 1978; Bacon et al., 1998). 
Knowledge of algal concentrations from the in-flowing water, out-flowing water and 
flow rates enabled the rate of clearance to be calculated. 
The term clearance rate is defined as the volume of water cleared of particles per unit 
time (Bacon et al., 1998). Clearance rate can be determined from knowledge of the in 
flowing and out-flowing cell concentrations and the rate of flow (Winter, 1978; Bacon 
et al., 1998). Calculating clearance with the pre-mentioned knowledge is achieved 
using a formula relating the difference between cell concentrations between the two 
currents and factoring in the rate of flow (Equation 3.2). The comparison of clearance 
rates between experiments and species requires values to be standardised for the size 
of individuals, as large individuals tend to clear more water than smaller individuals. 
Typically, rates are standardised to provide the rate for an animal of 1 g dry weight. 
CR= FRx(c1-c2) 
Cl 
Equation 3.2: Calculation of clearance rate (CR) in I h(1, where FR is the flow rate of water through 
the chamber (I hr-1), Cl is the cell concentration of the in flowing water (determined from control 
chamber) and C2 is the cell concentration of the out flowing water from experimental chamber (Bacon 
et al, 1998). 
3.5.5 Statistical analyses 
The same statistical procedure was used for the clearance rate experiment as for the 
sedimentology work. ANOV A and Post Hoc tests, if required, were performed to test 
for differences between sample times using a = 0.05 for significance levels. 
Regression analyses were performed on log-log transformed data to obtain 
relationship between clearance rate (I hr-1) and the mass of the individual (g dry 
weight). For chambers that contained small juveniles the clearance rate was assumed 
equal amongst the individuals and that they were of equal mass. Once clearance rate 
data had been standardised, further ANOVA and Post Hoc tests were performed 
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4.1 Introduction 
This chapter presents the findings of the various studies conducted examining the diet, 
sedimentology of habitat, shell morphology and feeding ability of the toheroa Paphies 
ventricosa. Results are presented in the form determined to best express the data, and 
where suitable the statistical analyses of the data are shown. The chapter structure is 
similar to that of Chapter 3, with sections associated with aims set out in Section 2. 7. 
4.2 Examination of the diet 
4.2.1 Gut contents 
Close inspection of the contents of the stomachs from toheroa collected just after the 
tide left them exposed provided very little information by the time that they reached 
Portobello Marine Laboratory. Unlike the gut examinations reported in Cassie (1955) 
and Roby (1933), all that could be seen within the counting chambers was sand, 
damaged diatom husks, and other detritus. The diatom husks were damaged to the 
extent that identification was impossible even using the list of species found in the 
water column as a starting point. 
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4.2.2 Water Samples 
4.2.2.1 Species concentration 
Analysis of the water samples sent to the Cawthron Institute revealed that throughout 
the year five species fought for dominance in the waters surrounding Oreti Beach 
(Table 4.1). Total species count for each month ranged from 100,000 to 4,000,000+ 
cells per litre, however there was considerable variation between replicate samples. 
Standard deviation between replicate samples for the total cell count reached over 
2,000,000 for the March sampling, and was over 1,000,000 for the May, July and 
November samplings. 
Table 4.1 Mean cell counts recorded by the Cawthron Institute from samples collected from Oreti 
Beach for purposes of examining what species were available for consumption by the toheroa for the 
- - - - ' - - . --- -
I I I I I 
Species May July September November January March 
d Thallassiosira 
984,960 893,063 0 0 0 0 
spp. (smallj 
1 ------------ -~ --------r---------;---------------r-------------r-----------~-----------1 I I I I 
I I I I I 
Navicu/a sp. 856,935 I 3,600 I 100 I 2,130 I 700 I 4,300 
I I I I I ------------- ~ --------r---------,---------------r-------------r-----------r-----------1 I I I I 
I I I I I 
Asterionellopsis I I I I I 
567,450 I 747,023 I 55,700 I 3,865,683 I 35,000 I 16,900 
d gracia!is I I I I l 
------------ - ---------t---------i---------------t-------------t-----------r-----------
• I I I I 
I I I I I 
Chaetoceros sp. 9,900 I 487,500 I 47,000 I O I 95,000 I 1,498,000 
------------- ---------~---------~---------------~-------------~-----------~-----------1 I I I I 
I I I I I 
I I I I I 




Assorted other I I 
. 24,100 I 13,soo 17,400 I 217,793 98,200 36,400 





Total 2,449,045 l 2,148,085 121,?oo I 4,104,775 766,400 1,784,600 
I I 
Cells counts recorded from Oreti Beach are notably lower than counts achieved 
previously from sites associated with toheroa beds in the North Island (Rapson, 1954). 
However, the proportion of Asterionellopsis cf gracialis in the samples is much higher 
than that recorded from the northern beaches (Rapson, 1954; Cassie and Cassie, 
1960). The prominence Skeletonema presents is also unseen from previous 
phytoplankton studies conducted at toheroa beaches (Rapson, 1954; Cassie and 
Cassie, 1960). 
40 
Chapter 4 Results 
Examining the data the Cawthron Institute collected as part of the monitoring program 
they supervise, at Riverton, shows the same five species battling for dominance. 
Counts are at much lower levels and the dominant species do not necessarily coincide 
with data collected from Oreti Beach (Table 4.2). The number of samples used to 
attain these counts is unknown so the deviation cannot be calculated. No statistical 
analyses comparing the two data sets are performed since the unknown number of 
replicates makes any statistical comparison invalid. However, total cell counts for the 
months in common suggest that the Riverton samples tend to have a lower cell 
concentration than the Oreti Beach samples. 
Table 4.2 Cell counts recorded by the Cawthron Institute as part of the toxic algae monitoring 
-- --- -- -- . 
Species July September November January March 
Cf Tha//assiosira 
7,600 0 32,600 400 0 
spp. (smallj 
I 
------------------- ~------------~---------------+------------4-----------+------------I I I I 
I I I I 








2,200 I I I I 
I I I I 
------------------- ~ -----------t---------------+------------1-----------+------------
I I I I 
I I I I 
Asterionel/opsis cf I I I I I I I I 
3,800 I 484,500 I 24,000 I 0 I 0 I I I I 
gracia/is I I I I I I I I 
I I I I ------------------- ~------------r---------------T------------~-----------T------------I I I I 
I I I I 
Chaetoceros sp. 6,600 I 27,600 I 29,400 I 0 I 1,000 I I I I 
I I I I 
------------------- ~ -----------r---------------t------------1-----------t------------
I I I I 
Skeletonema sp. 
I I I I 6,000 I 41,450 I 15,200 I 32,000 39,400 I I I I 
I I I I ------------------- r------------r---------------T------------~-----------T------------I I I I 
I I I I 
Assorted other I I I I I I I I 
4,200 I 42,400 I 18,400 I 22,600 I 54,800 I I I I 
species I I I I I I I I 
I I I I . 
I I I I 
I I I I 
Total 31,400 I 595,950 I 119,600 I 55,200 I 97,400 I I I I 
I I I I 
4.2.2.2 Organic concentration 
Mean organic concentration of water samples collected from Oreti Beach ranged from 
11.906mg r 1 in March 1998 to 17.721mg r 1 in July 1997 (Figure 4.1). ANOVA 
analyses, conducted using SPSS version 9.0, revealed that significant differences in 
the values recorded existed (F=6.277, p=0.000). Further LSD post hoc analysis 
showed that the organic concentration of the water in July was significantly more than 
any other month sampled (p ranging from 0.000 to 0.01), and that September's 
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concentration was significantly higher than March's (p=0.03). It must be noted that 
none of the samples coincided with the fabled blooms commonly occurring on 
toheroa beaches. 
Values presented for the northern toheroa beaches range from 0.05 mgr1 to a 
phenomenal 1500 mg-1 (Rapson, 1954). These samples were collected using a 200 
mesh per inch net rather than sample bottles, and the values previously mentioned 
were the absolute range rather than average collected. Mean organic concentrations 
recorded on these beaches over a year ranged from 1.4 mgr1 for Ninety-Mile Beach to 
59.9 mgr1 for North Kaipara Beach (Rapson, 1954). For comparison the mean 
organic concentration calculated over the year for Oreti Beach was 13.9 mgr1. 
Mean Organic Concentration of Water 
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Figure 4.1 Organic concentration (mg i-1) of water samples collected from Oreti Beach (error bars 
display ±2* Standard error). 
4.3 Sedimentology of O reti Beach 
With mean sediment sizes of around 2.900, Oreti Beach is classified as having fine 
sand. Very little of the sediment found was above 20, the cumulative distribution not 
starting to show a noticeable rise until reaching sediments smaller than 2.50 (Figure 
4.2). The rapid tapering off the curve exhibits after 30 shows that the sediment is 
highly sorted. Individual sand particles were not examined for precise diameter as in 
Rapson (1952). Good beds of toheroa were found in sediments of mean size >20 at 
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Glinks Gap and part ofMuriwai Beach, and only poor beds occurred on other parts of 
Muriwai Beach sharing a similar sediment size as found at Oreti Beach (Rapson, 
1952). Further sediment size analysis was conducted by Redfearn (1974) from 
Dargaville Beach, with 98.3% of the sediment found above 0.125mm in diameter. 
Samples examined from Oreti Beach, in contrast, have around 30% on average of the 
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Figure 4.2 An example of the cumulative weight distributions resulting from analysis of sediment 
collected from Oreti Beach, the above example was collected amongst a toheroa bed, from the surface 
to a depth of 2.5cm. 
Sediment samples collected from within the toheroa beds at a depth of 0-2.5cm had a 
mean sediment size ranging from 2.830 to 2.910 with a sorting range of 0.070 to 
0.120. Samples collected from deeper down showed similar ranges and values with 
the smallest range recorded coming from samples collected at depths 5-7 .5cm and 
7.5-lOcm (Table 4.3). ANOVA testing showed that there was no significant 
difference in mean sediment size, or in the sorting, for samples collected at different 
depths within either stratum. Areas raised above where toheroa beds are located had a 
mean sediment size range of 2.810 to 3.050 and a sorting range of 0.070 to 0.10. 
Again the ranges for each depth differed slightly from one another, but ANOV A 
showed these differences were insignificant. 
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Mean sediment size differed significantly between samples collected from toheroa 
beds and those from higher on the beach profile. These differences only occurred in 
samples collected from the depths of 5-7.5cm and 7.5-lOcm (F= 11.978 and 9.766, p= 
0.009 and 0.014 respectively). The sorting measure also recorded a significant 
difference between the raised stratum and the toheroa bed stratum for the same depths 
(F= 22.588 and 13.364, p= 0.001 and 0.006 respectively). 
Table 4.3 Mean sediment size and sorting of samples collected from within toheroa beds and at a 
raised !eve - - .... -- . ... 
Depth of sample Replicate 
Toheroa Bed Level Raised Stratum 
Mean (0) Sortino Mean (fiJ) Sortino 
Oto 2.5cm 1 2.83 0.07 3.02 0.10 
2 2.88 0.09 3.02 0.10 
3 2.84 0.10 2.88 0.09 
4 2.86 0.08 2.88 0.07 
5 2.87 0.10 2.86 0.07 
2.5 to 5cm 1 2.91 0.09 2.81 0.07 
2 2.84 0.09 3.05 0.10 
3 2.80 0.08 2.98 0.10 
4 2.82 0.08 2.95 0.10 
5 2.87 0.12 2.91 0.09 
5 to 7.5cm 1 2.84 0.08 2.91 0.09 
2 2.87 0.10 2.94 0.09 
3 2.84 0.09 2.94 0.10 
4 2.85 0.07 3.05 0.10 
5 2.87 0.09 2.94 0.09 
7.5 to 10cm 1 2.84 0.07 3.04 0.10 
2 2.83 0.09 2.92 0.09 
3 2.84 0.09 2.92 0.10 
4 2.87 0.07 3.03 0.10 
5 2.86 0.08 2.90 0.08 
4.4 Shell morphology 
Toheroa ranging in size from about 0.5cm to 12cm in length were collected from 
Oreti Beach for examining various size measurements. In total 61 toheroa were taken 
to Portobello Marine Laboratory to be measured. Examining the two methods for 
length measure reveals that they both record similar, but different values. When 
regression analysis was conducted, comparing Redfearn method values with Stanley 
method values against each other, it showed the Redfearn method returned values 
approximately 96% of normal method set by Stanley (Figure 4.3). Future relations 
examined in this thesis will use data gathered using Stanley's method. 
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Comparison of Redfearn's and Stanley's Measures 
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Figure 4.3 Comparison of measures obtained using Redfearn's (1974) and Stanley's (1970) methods. 
Two single valves were measured, although not included in any of the calculations. 
These valves were both extremely large and one was carbon dated at about 1000 years 
old (M. Eagle, Pers. Comm.). Widths for these two valves were estimated by 
examining the max width of one valve and doubling it. All three major shell 
dimensions relate closely to each other, with R2 values around 0.99. Both the ancient 
valves agreed closely with the regressions conducted on the shells collected at Oreti 
Beach (Figure 4.4). 
Toheroa are known for having relatively thin shells compared to the tuatua (Cassie, 
1955). Using a shell thickness index (Stanley, 1970) shell thickness was recorded for 
toheroa. The shell thickness index relates the volume of the shell to the volume of the 
internal cavity. Toheroa smaller than 4cm were not included in the examination since 
errors measuring volume in such small quantities would likely upset the statistics. 
Mean shell thickness calculated was 0.49, a surprisingly high value for quick 
burrowing species (Stanley, 1970). Other thick-shelled species to have a high 
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Figure 4,4 Relationships between shell length and height, width and whole animal volume. Two single 
valves, collected from shore deposits were measured and plotted. Both valves were extraordinary in 
their shear size. 
Burrowing indices recorded for the toheroa (Kondo and Stace, 1995) range from 2-11 , 
smaller individuals burrowing quicker than their large counterparts. In calculating 
these burrowing rate indices, a relation between shell length and animal mass from 
Rapson (1952) was used. Unfortunately, the values derived from this relationship 
were slightly out, most likely due to converting from ounces and inches to the metric 
standard. These had little effect in the burrowing rate indices with only the smallest 
individual's rate changing from a 11 to 12. Since even the maiming of toheroa is 
prohibited currently, a relationship between length and all other common 
measurements is provided (Table 4.4 ). 
4.4.1 Comparison with the tuatua (Paphies donacina) 
The tuatua looks like the toheroa, to such a degree that people have trouble 
distinguishing between them. Spat and young juveniles from both species look so 
similar that even classifying them without being fatal is near impossible. Adding to 
the problems is the semi-common habitat they both share. Both individuals like 
exposed, fine grain beaches, although Paphies donacina prefers sublittoral 
environments. Nevertheless, both individuals can be found at the same localities 
(Haddon, 1987). Comparison of shell dimensions from Paphies donacina with those 
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taken from toheroa using ratios commonly used to class shell shape provide 
significant differences (Table 4.5). 
Table 4.4 Relationships between Length (cm) and all other measurements taken for the toheroa. 
formula R2 
Height (cm) Height= 0.623Length 0.999 
Width (cm) Width= 0.349Length 0.997 
Mass (g) of a Length 2·943 0.9984 
Mass= 
live specimen 6.36 
Mass (g) of the Length3 0.9964 
FleshMass= 
Flesh 27.139 
Volume (ml) of Length 2·804 0.9944 
Volume= 
live specimen 6.596 
Shell volume L h2.s3s 0.9931 Sh llVi l engt e o ume= 
(ml) 10.483 
Flesh volume Length 3.0104 0.9944 
Flesh Volume= 
(ml) 29.999 
L h2.819 0.995 
Shell dry mass Sh llD Mi engt e ry ass= 
9.795 




Combining the two ratios commonly used to describe shell shape into a formula might 
have the ability to distinguish between the species. The quickest relationship able to 
be tested in the field is a simple addition or subtraction of one ratio from the other and 
the adjusting of the result so that one set of numbers is positive, the other negative. 
Equation 4.1 was tested using a collection of measurements of tuatua shells collected 
from Kaikai Beach (Miller, 1997) and comparing against scores achieved for toheroa. 
The constant value was determined by running the ratio part of the equation for tuatua 
shell measurements. The calculation of the mean and treble the standard deviation 
combined resulted in the constant value in Equation 4.1. Analysing the results 
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comparing the scores gained for both toheroa and the tuatua revealed that all the 
toheroa and only 4% of the tuatua produced positive results. 
Table 4.5 ANOVA results and other descriptive statistics relating shell shape for the toheroa and 
tuatua. Testing how significant the differences between the different species are using various ratios 







Between Species 1.9619 1 1.961903 407.3639 2.41E-20 
Length:Height Within Species 1.0933 227 0.004816 
Total 3.0552 228 
Between Species 6.9976 1 6.997591 303.5931 2.41E-20 
Height:Width Within Species 5.2322 227 0.023049 
Total 12.2298 228 
Descriptive Statistics 
N Minimum Maximum Mean Std. Dev. Variance 
Statistic Statistic Statistic Statistic Std. Error Statistic Statistic 
Score (Toheroa) 61 -0.4087 0.1112 -0.1951 0.0141 0.1105 0.0122 
Score (Tuatua) 170 -1.6640 0.3577 -0.8024 0.0162 0.2108 0.0444 
Richardson et al. (1982) attempted to find a similar way of distinguishing between the 
two tuatua species from shell dimensions (refer Section 2.2). An equation using all 
three shell dimensions was presented, and a negative response suggested the tuatua 
was a Paphies donacina. Miscalculation was reported for 13% of Paphies donacina 
and only 2% for Paphies subtriangulata. However, upon testing this equation with 
data gathered by Miller (1997), it became evident that the equation was in error, 
Paphies donacina smaller than 5cm in length presented a positive value, on all but 
three trials. Those three cases amounted to about 13% of those individuals smaller 
than 5cm tested. Regression analysis showed the score had an inverse relationship 
with length for Paphies donacina (Score= 4.797 - 0.9644L, R2=0.9141). Regression 
analysis conducted on the score produced by Equation 4.1 versus shell length for 
tuatua and toheroa showed no significant relationship (R2= 0.1023 for the toheroa, and 
0.0045 for the tuatua). 
S 
Length Height 
O 5160 core= - + .
Height Width 
Equation 4.1: Suggested morphometric relation for distinguishing between tuatua (P. donacina) and 
toheroa (P. ventricosa) using simple external shell dimensions. Positive values indicated the individual is 
a toheroa, negative values a southern tuatua. 
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4.5 feeding ability 
4.5.1 Condition indices 
Results 
A group of 53 individuals from the various size classes was collected at the same time 
as the other experimental animals. However, instead of measuring and entering the 
feeding experiment they were carefully measured for a condition index. The results 
from these 53 individuals were that they had a mean condition index of 88.6 
(S.E.=3.0). After the experiment all individuals from all diets and size classes went 
through the same condition index determination. Results showed that animals from 
Diet 1 had a mean condition index of 83.6 (S.E.=2.4), Diet 2 animals had a mean 
value of 100.7 (S.E.=1.6) and Diet 3's animals mean was 124.3 (S.E.=3.4). ANOVA 
and Post Hoc tests were performed showing that the condition of the animals between 
all three diets was significantly different (p<0.001) and that Diet 2 and 3 were 
significantly different from the beginning condition index (p<0.006). 
4.5.2 Determination of clearance rate 
The concentration of cells used in the various diets (- 1,000,000 for Diet 1, 2,000,000 
for Diet 2, and 3,000,000 cells r1 for Diet 3) fell within the range found during the 
diet component of the study. No toheroa produced pseudofaeces, but were commonly 
observed to vomit material out their inhalant siphon. Vomiting was observed during 
the first few minutes following the commencement of water flowing into the 
chambers. The vomiting cycle observed was: 
1. The extension of both inhalant and exhalent siphons above the sediment/water 
interface 
2. Closure of the exhalent siphon followed closely by the inhalant siphon 
3. Inhalant siphon then burst open, the tip turning inside out, leaving an aperture 
unimpeded by the papillae on the siphons 
4. Sand particles were seen to be expelled into the water column from the inhalant 
siphon 
5. Steps 1-4 were repeated up to five times within three minutes and then normal 
feeding processes continued 
Individuals that were still going through this process at time of the first sampling were 
excluded. 
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Cassie (1955) noted that toheroa do not continuously feed the entire time that they are 
submerged. For this reason, when samples were collected from each animal it was 
recorded whether it was noticeably feeding. For each sample collection time there 
were about four individuals for each size class and each diet that were not noticeably 
feeding, i.e. at any time samples were collected about two-thirds of the total animals 
in experiment were recorded as not visibly feeding. Sample collection still took place 
for clearance rate determination, but comparison with control samples took place prior 
to entering into the data record. In all cases where individuals were not recorded as 
visibly feeding the cell counts did not differ significantly from the control samples, so 
were not included in the data set. 
During the first three days of the experiment approximately ~ of the experimental 
animals died due to power failures. Once the source of the power failures was 
discovered and fixed the remaining animals were split up equally into three diet 
groups again and the experiment continued. From that point on there were no more 
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Figure 4.5 Clearance rates for various diets and size categories. Lowest rates for each size category 
and diet were obtained from samples collected just prior to low tide simulation. 
Clearance rates (CR) ranged between 1.23 to 6.75 1 hr- 1 for diet one, 0.59 to 8.05 1 hr- 1 
for diet two, and 1.37 to 6.48 1 h( 1 for Diet 3 (Figure 4.5). All three of the lowest 
50 
Chapter 4 Results 
clearance rates occurred just before the pumps ceased to operate, simulating low tide. 
ANOV A and LSD Post Hoc testing between the three sampling times revealed 1that 
for each diet and size class the last sampling period produced significantly lower 
clearance rates (p values ranged from 0.000-0.003), the other two sampling times 
were statistically similar. For this reason when comparing the clearance rates between 
diets and sizes, this sampling time, just prior to low tide simulation, was excluded 
from the data set. 
Relationship clearance rate has with dry weight 
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Figure 4.6 Relationship between the clearance rate (I h(1) and Dry weight of animal (g) 
Observing the clearance rates in Figure 4.5 it appears that the clearance rate (1 h( 1) 
tended to be higher for the larger individuals. The correlation's between the dry soft 
tissue weight (DW) with the clearance rate (Figure 4.6) for the three diets followed 
the general fe>rmula: CR= aDWb common to filter feeding bivalves (Winter, 1973; 
Winter, 1978; M¢hlenberg and Riisgard, 1979). For the toheroa values of a ranged 
from 0.474 (Diet 3) through to 0.644 (Diet 1), while b ranged from 1.09 (Diet 1) 
down to 1.05 (Diet 3). These values for bare notably higher than values recorded for 
other bivalve species, which range from 0.29 through to 0.82 (Winter, 1978). Further 
examination of Figure 4.6 suggests that clearance rate is related to cell concentration 
(diet). Comparison of clearance rates between diets requires the data to be 
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standardised to allow for the different sizes and the change in condition that has 
occurred between diets . 
Standardised results were achieved by following the equation provided by Bacon et 
al. (page 111, 1998): "Y5=(Ws/WefYe, where Ysis the clearance rate of an animal of 
standardised weight, Ws is the standard weight of the animal, We is the observed 
weight of the animal, Ye is the observed clearance rate and b is the weight exponent 
for the physiological rate function". Since the value of b was determined earlier for 
each diet those values were used. 
Standardised clearance rates for each diet were compared using ANOVA and LSD 
Post Hoc tests (Figure 4.7). Each diet produced significantly different clearance rates 
(p<0.02 for all comparisons). Greatest difference between adjacent diets occurred 
between Diet 2 and Diet 3. Diet 1 provided the highest standardised clearance rates, 
with Diet 2 following behind and diet three giving the lowest rates . Thus as the algal 
concentration increased between the diets a decrease in the standardised clearance rate 
was observed, suggesting the toheroa have some control mechanism to regulate the 
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Figure 4.7 Comparison of standardised clearance rates for the three diets. Cell concentration is an 
approximate value only. 
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Having a standardised clearance rate for comparison between diets allows the 
ingestion rate (cells h(1 g- 1) to be approximated by multiplying the clearance rate by 
the cell concentration. Values determined between the three diets ranged from 
approximately 500,000 (Diet 1) to 1,800,000 (Diet 3) cells h(1 t' (Figure 4.8). A 
relationship between cell concentration and the ingestion rate was found using 
regression analysis on SPSS and can also be seen in Figure 4.8. The R2 value of the 
relationship found was only 0.62 but was significant (p<0.000). ANOV A and Post 
Hoc analysis of the data showed that although the variance between the samples 
within a diet regime was high there was still a significant difference in the ingestion 
rates between all three diets (p=0.001 between Diet 2 and Diet 3; p<0.000 for all other 
comparisons). 
Comparison of the ingestion rate between the three diets 
2000000 ------------------------
1800000 +---- -----------------------------------------; 
• 
I 
1600000 +------------------ - ------------------~ 
• • 
• • 
1400000 t----------- ---------------il Y=655947Ln(x) -8371048 
~ I 
}c 1200000 _ _ __!I_ 
~ I 
0 • * 1000000 •---- _ _ : _ __ , ~ 
8 i I 




400000 +----------- ---------------------------- -i 
200000 +--- --------- ----------------------------i 
0 +-- ---- -------------~------------------ - -; 
100000 1000000 10000000 
Diet cell approximate concentration (cells 1·1) 
Figure 4.8 Comparison of the ingestion rates (cells hr'1 g·1) between the three diets. 
e diet 1 
e diet 2 
e diet 3 
53 
Chapter Five 
Discussion and Conclusions 
t?~a~t'd-~~~~~e~ 
<W"td ~ ~ !Aue, cm?/ h:,, n,o- doalm, one, if tfu,,, nwre,, de/icaa,,, a;lza:e, 
f.OUlt',8/ i& kw, {I/~~ one, if tfu,,, wf' ~to-~ comJlimuw 
~~-
.A, ~ a;/za:e, wu,,e, or- Cl/ ro.w, ff /Wb too- &Oeeb, + /wnd ® fwnd told t/u,,, 
~ ~fit:{ytaste,{u~~looe&. 
.%-~broiled~ ~/eatell/toid~ ~e-1&, 
t/uuv{u mce, cdd~~ if oe&<-wodddo-. 
5.1 Discussion 
The gut content analysis for this experiment was a failure, with no discernible species 
visible within the stomachs of toheroa collected. All that remained were diatom husks 
which were so badly damaged that identification was impossible. Previous studies on 
the toheroa to have examined gut contents did not have such problems identifying the 
remains (Hoby, 1933; Cassie, 1955). Differences between this study and those two 
were that in this study toheroa were transported for over 2.5 hours prior to dissection 
and preservation, enabling them to digest their food for a extended period of time. It 
would therefore be advisable for any future studies on the toheroa to preserve material 
at a much earlier time after collection from the beach. 
Phytoplankton numbers are known to fluctuate wildly even within the space of a few 
hours (Sournia, 1978). Unsurprisingly then, phytoplankton showed highly variable 
counts throughout the year, with mean cell counts reaching as low as 121,000 cells in 
September, but then reaching as high as 4,104,775 in November with standard 
deviations between replicate samples commonly over 1,000,000. Such high standard 
deviations for replicate samples are due mainly to the low number of samples 
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collected and analysed, future studies would thus be advised to collect more replicate 
samples in an attempt to reduce the variation. 
None of the sampling trips coincided with the blooms that regularly occur on toheroa 
beaches (Cassie and Cassie, 1960). For this reason the cell counts never reached the 
high levels encountered by Rapson (1954). What is of note though is that two of the 
dominant species throughout the year, Asterionellopsis gracialis. and Chaetoceros sp., 
were also found to be the dominant species on other toheroa beaches (Cassie, 1955; 
Cassie and Cassie, 1960). The dominance that these two species play in the 
phytoplankton stocks around toheroa beaches, and the concentrations that they reach 
suggests that they are an important food source for the toheroa. 
Difference in cell counts observed between samples collected from Oreti Beach and 
those taken from around Riverton shows the importance the role the surf zone plays in 
concentrating phytoplankton stocks. In all but one sample period, September, Oreti 
beach had counts much higher than at Riverton. Oreti Beach samples reached over 30 
times the cell counts observed at Riverton. 
The low cell count of phytoplankton found at Oreti Beach in September is refuted 
somewhat by the still high organic levels found in water samples collected. Only July 
showed a significantly higher organic concentration than September suggesting that 
these low cell counts might have just been an isolated patch of clear water. 
Furthermore, September's organic concentration (mg r1) was significantly higher than 
that recorded for March and coincided with an increase in the mean oocyte cross-
sectional area recorded by Mandeno (1999). 
Sedimentological observations carried out at Oreti Beach show that the sediment is 
very well sorted, with over 90%, in general, of the sediment falling between 0.09 and 
1.8mm. Graphical analysis of the data, following the method set out in Lewis and 
Mcconchie (1994), gave sorting values that never exceeded 0.1 for a sample. Mean 
sediment size obtained using the same graphical method showed that the sediment 
found at Oreti Beach can be classified as "fine - very fine sand" using the Udden-
W entworth scale. 
There were no significant differences between samples collected from the surface of 
the stratum situated over the toheroa beds and those collected from the stratum located 
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higher on the beach profile. However, samples collected from depths of 5-7 .5cm and 
7 .5-10cm from both localities were significantly different. The mean sediment size 
for these depth ranges between the two strata were significantly different, as was the 
sorting of the samples (p<0.006). Mean sediment size for the samples collected over 
toheroa beds was slightly larger than those collected from higher on the beach for 
these depth ranges. There was no significant difference observed for samples 
collected between depths within a stratum. However, there was a significant 
difference observed between samples collected from the different strata for two depth 
ranges. The lack of a difference between the depths within the stratum might be due 
to the number of replicates taken. 
The high level of sorting found in the samples is typical of highly exposed 
environments, where wave action is able to effectively sort the sediments (Stanley, 
1970; Lewis and McConchie, 1994b). High levels of sorting to all depths observed 
shows just how fierce the wave action is at Oreti Beach, with sediments to depths of 
10cm disrupted and sorted regularly. 
Few marine bivalve species inhabit environments where sediments are so prone to 
disruption. Bivalves that challenge the might of the surf tend to be rapid burrowers, 
have thin shells that are not spheroid in shape (Stanley, 1970). Toheroa have been 
shown to be very quick burrowers (Kondo and Stace, 1995), yet from measurements 
of this study, have reasonably thick shells. The thick.T1ess of toheroa shells has been 
stated as being thin by Cassie (1955), but he was comparing them to another species. 
The combination of relatively thick shells, fast burrowing ability, the wedge shape, 
and the environment they inhabit is similar to that of species from the Donax genus 
(Stanley, 1970). A smooth wedge shape of the shell is thought to help counteract the 
burrowing rate loss due to a relatively thick shell by reducing the cross-sectional drag 
forces imposed on the animal (Stanley, 1970). 
Another point to be noted from the morphological study of the toheroa is that the 
measurements taken by Redfearn (1974) and those taken using Stanley's (1970}" 
method correspond closely with extremely high R2 values. For both length and 
height, Redfeam's (1974) measurements are approximately 96% of those obtained 
using Stanley's (1970) method. This close relationship enables studies to compare 
values recorded using the different methods. 
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The inclusion of a couple of ancient shells, notably larger than animals found and 
collected in the study, shows that the relationships discovered between length and 
width or height holds true beyond the data they were correlated from. Further 
relationships between length and other measurable qualities of the animal allow future 
researchers to estimate values if they wish to adhere to the conservation orders set in 
place for the toheroa. These relationships would only provide estimates for individual 
toheroa, the condition of the gonad for instance would skew the weights of the flesh 
up or down. 
Relationships between length, width and height allow non-fatal qualitative 
classification between the toheroa and the southern tuatua. Classification using the 
score method is not perfect though, with 4% of the southern tuatua tested 
misclassified by it. Further testing of the equation should be conducted using a far 
larger sample base, only 60 odd toheroa from a large size range were tested. The 
score equation was shown to be superior to the one reported by Richardson et al. 
(1982). Their equation provided scores that were significantly related to the length of 
southern tuatua, meaning smaller individuals were misclassified. Another study 
comparing the two tuatua species might like to address this mistake and use a score 
equation based on ratios used to describe shell shape similar to this study's. 
Observations made during the feeding experiment suggest that toheroa have some 
post-ingestive but pre-digestive selection mechanisms. The vomiting of sediment out 
of the inhalant siphon just after being immersed in water by the simulated tide 
indicates that the sand was ingested as part of the suspended material available to 
them, but was not selected for digestion. The absence of any pseudofaeces production 
might be explained that once material is rejected, rather than binding it into a pellet 
for excretion it is expelled into the water column to be carried away by the vigorous 
wave action prominent on toheroa beaches. 
Although, it must be noted that observations of this process were only made just after 
immersion, no toheroa were seen to vomit material up after prolonged periods of 
feeding and vomiting occurred with individuals in Diet 1 as well. The absence of any 
vomiting after long feeding periods might mean that the process is not the rejection of 
material by selective processes, but rather the removal of sediment ingested as part of 
the respiration process during the low tide cycle. Further research into the 
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mechanisms behind vomiting in toheroa needs to be conducted for clarification of the 
reasons behind it and the metabolic cost to the animal. Should it to be shown in the 
future that vomiting is part of the selective process, biologists might begin to ponder 
at the uniqueness of a large, active bulimic shellfish. 
Many bivalve species are known to regulate their feeding behaviour, responding to 
alterations in the concentration of food particles in surrounding environment. 
Compensatory mechanisms exist in most species that allow them to alter the duration 
and/or rate of feeding and many species are capable of selecting preferentially 
particles most beneficial to them (Bayne et al., 1993; Bacon et al., 1998). Prior to 
establishing an aquaculture operation for an individual, research seeking answers to 
what species of food is preferential and what concentrations for most economic 
growth and conditioning is essential. This study has already touched on what species 
to feed by examining the dominant phytoplankton species throughout the year in 
water surrounding the most historically stable population. The examination of how 
levels of food in the surrounding water affects the feeding of the toheroa is now 
discussed. 
Removal of samples collected just pior to low tide simulation for all three diets was 
done because of the altered feeding behaviour at this time. The exact reason for this 
alteration in the feeding behaviour of the toheroa is unknown. The postulation that 
they had reduced the feeding rate due to water content being so low might be a 
justifiable reason. However, cells counts of around 100,000 cells r1 were recorded 
from the control chambers during this period for all diets and this level of 
phytoplankton concentration was observed from Oreti Beach. The fact that they 
might have had full or partially full stomachs may have made the toheroa content to 
just pump sufficient water across their gills for respiratory reasons, taking whatever 
food happened to flow past as a bonus. 
Other samples were excluded from the data set for reasons of individuals not being 
seen to visibly feed, i.e. their siphons did not break the sediment surface, or that they 
were in the process of vomiting up material. In the first case samples were still 
collected and tested, but data suggested that the retraction of the siphons was a 
reasonable assumption of non-feeding behaviour. The latter case samples were not 
even tested due to the high quantity of sediment contained within the chambers that 
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was large enough to clog the aperture in the particle counter. Counts obtained when 
the aperture clogged in pilot experiments were often drastically different from counts 
taken from the same sample without aperture clogging. 
The highest mean clearance rate for any individual in this study only reached around 
eight 1 hr-I for an individual whose flesh dry weigh was over 15g. The lowest 
recorded clearance rate for an actively feeding individual was about 0.8 1 hr-I for an 
individual with a flesh dry weight of about 1.6g. As this comparison between highest 
and lowest rates suggests, there was a significant relationship between the weight of 
an individual and its clearance rate for all diet levels tested R2>0.93. Following the 
general formula: CR= aDWb, all three diets gave b values that were statistically 
similar, using the standard error calculated from regression analyses performed by 
SPSS. These b values ranged from 1.05 to 1.09, so a value of 1.07 is proposed for 
toheroa in future work unless contradicted by future research. 
During mass mortalities it has been noted that a large proportion of the deaths are 
large (> 10cm) toheroa, a much higher proportion than the portion of the population 
they make up (Eggleston and Hickman, 1972). Rapson (1954) noted that before a 
mass mortality the toheroa were lethargic and attributed this fact to poor oxygenation 
of the sediment. The b value, in the clearance rate equation, is referred to as the 
weight exponent for the physiological rate function (Bacon et al., 1998). This study's 
results for b suggests that the toheroa has a high physiological rate which increases 
slightly as the animal grows, which, although not tested directly, is consistent with the 
observations made by Rapson (1954) and Eggleston and Hickman (1972). 
The toheroa regulates its clearance rate, so that at lower algal concentrations it feeds 
at a more rapid pace than at higher algal concentrations. Algal concentrations of 
around 3,000,000 cells rI induce the toheroa to feed at rates approximately two thirds 
of that it feeds at when the surrounding water holds around 1,000,000 cells rI. To 
gain a better idea of the effectiveness of the regulation an examination of the ingestion 
rate (cells hr-I g-I) between the three diets is required. 
Observing the ingestion rates between the three diets revealed that the variable 
clearance rates of the toheroa failed to completely regulate the ingestion of cells. The 
logarithmic nature of the relationship between the ingestion rate and the cell 
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concentration in the water suggests that beyond the diets tested at higher cell 
concentration the toheroa will be able to regulate the ingestion of cells to a greater 
efficiency. Other species have been shown to be able to regulate their ingestion to a 
higher degree with the cell concentration levels tested in this experiment (Bacon et al., 
1998; MacDonald et al., 1998). The fact that the toheroa was regulating the clearance 
rate and yet the ~ngestion rate did not remain constant, as would be expected for 
totally efficient regulation (Winter, 1978), suggests that other factors not measured 
were also dictating the clearance rate. 
It must be noted that the clearance rates calculated for the small juveniles when 
actively feeding may well have been underestimated. This underestimation may have 
occurred because of the grouping together of a few individuals into one feeding 
chamber. At any of the sampling times where it was observed that the juvenile 
toheroa were actively feeding, it is possible that only a couple were actively feeding 
and that the other were just pumping water through for respiratory reasons, taking 
food gathered as a bonus as discussed above. 
Individuals sacrificed at the beginning of the experiment allowed a mean condition 
index to be evaluated for a baseline comparison. Once the experiment concluded all 
individuals were examined for their condition index to test how they withstood the 
experimental regime. Animals from Diet's 2 and 3 came through the experiment with 
a significa...11.tly increased condition, while Diet l's animals came through with slightly 
decreased condition it was not significantly different from the starting point. 
Diet l's slightly decreased condition can be explained by the power failure that 
occurred in the first couple of days. This power failure that killed some individuals 
would have decreased the condition of all individuals to some extent. Taking this into 
account then Diet l's condition was unlikely to have been lower than the start point, 
suggesting that even 1,000,000 cells r1 is enough for the toheroa to survive on, if not 
to grow. 
Diets 2 and 3 were obviously then sufficient for the animals to survive long term, with 
sustainable growth to be expected. Given that cell counts sampled from Oreti Beach 
tend to be around the 2,000,000 to 4,000,000 mark this suggests that growth and/or 
improved condition occurs during most months. The release of vast quantities of 
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gametes during spawning of course lowers the condition, but for reproductive 
purposes. 
In this study animals appeared to cease actively feeding once cell concentrations 
reached somewhere around 100,000 cells. At this cell concentration level, they still 
appeared to pump water, but at a much reduced rate, suggesting it was more for 
respiratory purposes than feeding. If the relationship between cell concentration and 
ingestion rate is examined, it suggests that feeding will cease at cell concentrations 
less than around 350,000 cells r1, explaining why time period 3's data were 
significantly different to the first two sampling times. 
The volume of water containing the phytoplankton at toheroa beaches is sufficiently 
high enough to suggest that depletion of phytoplankton over a tidal cycle is unlikely 
to occur (Cassie and Cassie, 1960). Unlike experimental conditions however, where 
by the end of a tidal cycle the phytoplankton levels had reduced to levels to inhibit 
active feeding. Toheroa were observed not to actively feed for the duration of the 
period the tide covered them, but that the proportion of the time they feed was not 
tested. It is possible that under conditions where the phytoplankton stock does not 
decrease that growth and/or improved condition might occur at lower than expected 
cell concentrations due to more periods of active feeding. 
Intermittent feeding periods is a common occurrence for bivalves, where they cease to 
actively feed to enable them to clear their gills and/or stomach of material (Schulte, 
1975; Winter, 1978; Bacon et al., 1998). Since ingestion rate remains higher for algal 
concentrations tested, an assumption that toheroa would take more breaks, or break 
for longer seems valid. If this was the case then it might be possible that toheroa 
supplied a constant level of 2,000,000 cells r1 could grow/improve condition at the 
same rate as those supplied 3,000,000 cells r1. Thus, improved condition and/or 
growth may be regulated to a greater degree, in natural populations, than observed for 
the different phytoplankton concentrations tested. 
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5.2 Conclusions 
Examination of the diet of the toheroa in an attempt to suggest suitable phytoplankton 
species for feed in an aquaculture operation meet both failure, in regards to the gut 
content analysis, and moderate success, in regard to the water sample study. It is 
suggested that any future study seeking to examine the diet more closely through gut 
content analysis either dissect and preserve material on site, or have a laboratory 
situated much closer than the 2.5 hour drive that occurred in this study. The water 
sample study revealed five species that fought for dominance in cell concentration at 
Oreti Beach over the period sampled. Testing feeding rates at various levels using 
these phytoplankton species is suggested as the toheroa may grow better under one 
mixture compared with another, while costing the same to culture. 
A look at the organic concentration showed that the water surrounding Oreti Beach 
appeared not to dip below 10mg r1 throughout the year. Although more regular 
sampling would be advised to test this. Other beaches the toheroa inhabit further 
north have shown far greater swings in the organic concentrations, with mean organic 
concentrations of a year period varying between 1.4mg r1 to a gigantic 59.9mg r1 
(Rapson, 1954). Cassie (1955) reported slower growth for the southern beaches, i.e. 
Oreti Beach and Te Waewae Bay, than the northern beaches. This does not seem 
surprising when comparing mean organic concentrations of around 60mg r1 found at 
North Kaipara to levels of about 14mg r1 observed down at Oreti Beach. However, 
when comparing mean concentrations of about 7mg r1 found at both Muriwai and the 
Wellington beaches, it suggests the higher temperatures further north have a 
significant effect on the clearance rate and growth. The effect of temperature was not 
tested in this study as all diets were held at the same temperature. 
The sedimentology of Oreti beach differs from other toheroa beaches so far reported. 
Rapson (1952) and Redfearn (1974) both report the best beds of toheroa found were 
located in sedimentary regimes where the mean particle size is significantly larger 
than that present at Oreti Beach. Furthermore, Redfearn's (1974) sedimentological 
sampling showed that less than 2 % of sediment found on Dargaville Beach 
surrounding toheroa beds was smaller than 0.125mm, compared to about an average 
of 30% of the sediment smaller than this on Oreti Beach. The increased proportion of 
smaller granules found on Oreti Beach might also be a reason for poorer growth 
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observed here since Redfearn (1974) reports toheroa to be fairly intolerant of smaller 
inorganic particles. 
Sediment around the toheroa beds on Oreti Beach was found to be highly sorted all 
the way down 10cm, the deepest sample tested. The high level of sediment working 
to such depths explains why the toheroa maintains such a high burrowing ability even 
at these large depths (Kondo and Stace, 1995). It also goes to describe why the 
toheroa has evolved to have a shell shape described as one of the most efficient to 
withstand such environments (Stanley, 1970). 
Redfeam's (1974) and Stanley's (1970) methods of measuring length are easily 
converted using a simple formula that is highly accurate (R2>0.99). Given Stanley's 
technique is more consistent with other measuring techniques used by researchers 
examining other species (Stanley, 1970; Kondo and Stace, 1995), this method of 
measurement was used to compare the southern tuatua with the toheroa. Shell 
dimension ratios were combined in an equation to predict the classification of toheroa 
and southern tuatua with only 4% of the southern tuatua misclassified. 
Relationships between the length and various other measurable qualities of the 
toheroa were pursued and presented in Table 4.4. It is not expected that these 
relationships will be greatly used, but were given in case other researchers required 
them to prevent unfortunate mistakes to be made like Kondo and Stace (1995), 
although it should be rioted that the mistake made did not greatly affect the results 
achieved in this case. 
Toheroa were found to be relatively slow at clearing water, like many infaunal species 
(Winter, 1978; Bacon et al., 1998). During the experimental period, no diet was 
observed to significantly adversely affect the condition of the toheroa. Conversely, 
two of the diet regimes produced significantly better conditioned individuals than the 
baseline individuals. 
Regulation of clearance rate and subsequently the ingestion rate was observed to a 
small degree between diets. The regulation was not completely effective, with diets 
with higher cell concentrations still ingesting a significantly higher amount of 
phytoplankton. Since toheroa feed for intermittent periods while the tide covers them, 
it would be useful for future researchers to examine the length and periodicity of the 
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breaks from active feeding under different algal concentrations to inspect whether this 
might account for a higher degree of regulation. 
It appears that toheroa cease to actively feed when cell concentrations are around 
100,000 cells r1, but instead may still extend their siphons and pump water through 
for respiration at a reduced rate. Clearance of phytoplankton cells still takes place, 
but might be more a bonus, to help counter the cost of normal respiration. 
The toheroa seem to be a suitable candidate species for aquaculture, with good 
improvement of condition achievable in laboratory conditions, high fecundity, and a 
good potential market. A great deal more research needs to be conducted on the 
toheroa if an aquaculture operation is ever hoped to be successful. More in depth 
examination into the effect species composition and diet concentrations have on the 
growth and condition of the toheroa is required. Also how the temperature alters the 
filtration rate and metabolism for the toheroa should also be investigated. 
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